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Genetics 9-12 Classroom Activities



Dihybrid Cross OBJECTIVE The student will calculate a dihybrid cross and interpret the results. ACTION 1. Divide the class into groups of four. 2. Distribute one Case Study Funsheet to each group. (Each group should have a different Case Study Funsheet to calculate). 3. Instruct students to calculate a dihybrid cross based on the given information in the case study and answer the questions. Review how to calculate dihybrid crosses using the background information on page 2. 4. Instruct students to present their calculations to the class. 5. The answers may be checked with the Teacher’s Guide. MATERIALS • copy of each Case Study Funsheet • copy of Case Study Teacher Guide • pencils VOCABULARY albinism: The inherited absence of pigment. somes and consisting of DNA. allele: Alternative form of a gene. genotype: The genetic make-up of an dihybrid Cross: A breeding experiment in organism. which parental varieties differing in two heterozygous: Having two different alleles traits are mated. for a given trait. dominant: An allele that determines phenohomozygous: Having two identical alleles type even when heterozygous. for a given trait. gamete: Haploid egg or sperm cells that prehensile: Capable of grasping or holding. unite during sexual reproduction to prorecessive: An allele that is not expressed in duce a diploid zygote. the heterozygous condition. genetics: The science of heredity; the study spicule: A pointed modified scale that variof heritable information. ous raptors use to grip prey. gene: One of many discrete units of hereditendon: A type of fibrous connective tissue tary information located on the chromothat attaches muscle to bone. Genetics • 9-12 Activities • page 1



HOW TO CALCULATE DIHYBRID CROSSES 1. To set up a dihybrid cross, draw a large square, and then divide it into 16 equal squares. 2. Determine the genotypes of the parent organisms. Sometimes the cross is already specified.For example: Cross two organisms with the following genotypes: PpTt & PpTt. However, many times genetic vocabulary must be understood to determine the genotypes of the cross. For example: Cross a short white flower with one that is heterozygous for purple flower color and homozygous for tallness. Purple is dominant and white is recessive and tall is dominant and short is recessive. Therefore, the only way to express a short white flower is to be homozygous recessive for both traits (color and height) and its genotype will be (pptt). Heterozygous always means one of each letter. Therefore a plant that is heterozygous for purple color would have the genotype Pp. A plant that is homozygous for tallness would have the genotype TT. Therefore, the flower will have a complete genotype of PpTT and the cross would be between pptt x PpTT. 3. Determine the possible gametes of each parent. For example, if a parent has a genotype of PpTt, then the gametes will receive one of each pair (Pp and Tt) of alleles. There will be PT Pt pT pt four possible combinations of alleles and each have an equal probability of occurring. The PT four possible allele combinations from the parent PpTt are PT, Pt, pT, and pt. Pt 4. Place the four possible allele combination for each parent outside the dihybrid cross square. One parent's allele combinations will pT be placed on top of the dihybrid cross square and the other will be split to the left of the pt dihybrid cross square. PT Pt pT pt 5. Determine the possible genotypes of the offspring by filling in the PT PPTT PPTt PpTT PpTt dihybrid cross square. This step is accomplished by taking a letter from the left and Pt PPTt PPtt PpTt Pptt matching it with a letter from the top. Repeat this step until all 16 boxes of the pT PpTT PpTt ppTT ppTt dihybrid cross square are complete. 6. Summarize the genotypes and phenotypes of the offspring.



pt



PpTt



PpTt



ppTt



pptt



The possible genotypes from the parental cross of PpTt x PpTt are: PPTT PPTt PpTT PpTt PPtt Pptt ppTT ppTt pptt Tall (TT, Tt) purple (PP, Pp) flowers will be produced by the following genotypes PPTT (1/16) PPTt (2/16) PpTT (2/16) PpTt (4/16) the frequency is stated in ( ) Therefore 9 out of 16 possibilities could be tall purple flowers. Tall (TT, Tt) white (pp) flowers will be produced by the following genotypes. ppTT (1/16) ppTt (2/16) Therefore 3 out of 16 possibilities could be tall white flowers. Short (tt) purple (PP, Pp) flowers will be produced by the following genotypes. PPtt (1/16) Pptt (2/16) Therefore 3 out of 16 possibilities could be short purple flowers. Short (tt) white (pp) flowers will be produced by the following genotypes. pptt (1/16) Therefore 1 out of 16 possibilities could be short white flowers. Genetics • 9-12 Activities • page 2
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Black Rhino Case Study (Diceros bicornis)



You are a wildlife biologist researching black rhinos. During your time in Africa, you have observed two particular traits that allow some black rhinos to be better adapted to their environment. The first trait is an extra long prehensile lip that enables the rhino to have more efficient browsing capability than the usual size prehensile lip. Second, some of the rhinos in the study have extra long ears that allow them to hear a potential predator earlier than rhinos with normal size ears. If you could breed black rhinos that have both these traits (extra long prehensile lip and bigger ears), it would increase their chance for survival in the wild. You have chosen the following two rhinos to enter into a breeding program for the two desired phenotypic traits. It has been determined (based on your previous research) that both the desired traits are homozygous recessive.



Parent 1: Homozygous dominant for the prehensile lip trait (PP). Therefore this parent does not express the extra long lip trait. Heterozygous for the longer ear trait (Ee). Therefore this parent does not express the extra large ear trait. Parent 2: Heterozygous for the prehensile lip trait (Pp). Therefore this parent does not express the extra long lip trait. Homozygous recessive for the large eared trait (ee). Therefore the parent does express the extra long ear trait. Possible Alleles



Parent 1 Genotype



Parent 2 Genotype



Questions: 1. Determine the possible genotype (s) that will produce individuals without an extra long lip trait and do not express the extra large ear trait. What is the frequency that each of these genotype (s) occur in the dihybrid cross? 2. Determine the possible genotype (s) that will produce individuals that have a normal lip and the extra large ears? What is the frequency that each of these genotype (s) occur in the dihybrid cross? 3. How many rhinos can be produced with the extra long lip and large ear trait from the two parents crossed above? Explain your answer. 4. What is the ratio between rhinos that have normal prehensile lips and ears to those that have the normal lip but extra large ears? (Normal lip and ears: Normal lip and extra large ears).
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Burmese Python (Python molurus bivittatus)



You are a wildlife biologist researching Burmese pythons. During your time in Asia, you observed a particular trait that allows some Burmese pythons to be better adapted to their environment. Some snakes have extra large scales on their abdomen. This increases the surface area of their abdomen that is in contact with the ground, therefore, making locomotion easier. In addition, you noticed that albino Burmese pythons do not survive as long in the wild as those who have normal pigmentation because lack of camouflage ability (beige blotches on a dark brown background). If you could breed Burmese pythons that have normal pigmentation (avoiding albinism) and extra large abdominal scales, it would increase their chance for survival in the wild. You have chosen the following two Burmese pythons to enter into a breeding program for the two desired phenotypic traits. It has been determined that the trait for the extra large abdominal scales is homozygous recessive. Albinism is also a homozygous recessive trait. The normal pigmentation trait is dominant and is expressed in homozygous dominant and heterozygous individuals.



Parent 1: Heterozygous for the extra large ventral (abdomen) scales (Ss). Therefore this parent does not express the extra large scale trait. Heterozygous for the pigmentation trait (Pp). Therefore this parent expresses the normal pigmentation. Parent 2: Heterozygous for the extra large ventral (abdomen) scales (Ss). Therefore this parent does not express the extra large scale trait. Heterozygous for the pigmentation trait (Pp). Therefore this parent expresses the normal pigmentation. Possible Alleles



Parent 1 Genotype



Parent 2 Genotype



Questions: 1. Determine the possible genotype (s) that will produce individuals that have normal sized scales (do not express the extra large abdominal scales) and have normal pigmentation (do not express albinism). What is the frequency that each of these genotype (s) occur in the dihybrid cross? 2. Determine the possible genotype (s) that will produce individuals that have normal scales and are albino? What is the frequency that each of these genotype(s) occur in the dihybrid cross? 3. Determine the possible genotype (s) that will produce individuals with extra large abdominal scales and have normal pigmentation. What is the frequency that each of these genotype (s) occur in the dihybrid cross? 4. Determine the possible genotypes that produce individuals with extra large scales and are albino? Which of these genotypes occur in the dihybrid cross? 5. What is the ratio between the four phenotypic traits (normal scales with normal pigment, albinism with normal scales, extra large scales with normal pigment, and albinism with extra large scales). Genetics • 9-12 Activities • page 4
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Prehensile-tailed Porcupine (Coendou prehensilis)



You are a wildlife biologist researching prehensile-tailed porcupines. During your time in South America, you have observed two particular traits that allow some porcupines to be better adapted to their environment. The first trait is an extra long prehensile tail that enables the porcupine to have more efficient grasping capabilities than the usual length prehensile tail. Second, some of the porcupines in the study have extra long whiskers on their face and feet that allow them to sense their environment better than those that have normal size whiskers. If you could breed prehensile-tailed porcupines that have both these traits (extra long prehensile tail and whiskers), it would increase their chance for survival in the wild. You have chosen the following two porcupines to enter into a breeding program for the two desired phenotypic traits. It has been determined (based on your previous research) that both the desired traits are homozygous recessive.



Parent 1: Heterozygous for the extra long prehensile tail trait (Tt). Therefore this parent does not express the extra long tail trait. Heterozygous for the extra long whisker trait (Ww). Therefore this parent does not express the extra long whisker trait. Parent 2: Heterozygous for the extra long prehensile tail trait (Tt). Therefore this parent does not express the extra long tail trait. Heterozygous for the extra long whisker trait (Ww). Therefore this parent does not express the extra long whisker trait. Possible Alleles



Parent 1 Genotype



Parent 2 Genotype



Questions: 1. Determine the possible genotype(s) that will produce individuals that have normal sized prehensile tails (do not express the extra long prehensile tail) and have normal sized whiskers (do not express the extra long whisker trait). What is the frequency that each of these genotype (s) occur in the dihybrid cross? 2. Determine the possible genotype(s) that will produce individuals that have normal sized prehensile tails and extra long whiskers? What is the frequency that each of these genotype (s) occur in the dihybrid cross? 3. Determine the possible genotype(s) that will produce individuals with extra long prehensile tails and have normal whiskers. What is the frequency that each of these genotype (s) occur in the dihybrid cross? 4. Determine the possible genotype(s) that produce individuals with extra long prehensile tails and whiskers. What is the frequency that each of these genotype(s) occur in the dihybrid cross? 5. What is the ratio between the four phenotypic traits (normal tails with normal whiskers, normal tails with extra long whiskers, extra long tail with normal whiskers, and extra long tails with extra long whiskers)? Genetics • 9-12 Activities • page 5
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Leaf-Nosed Bat (Carollia perspicillata)



You are a wildlife biologist researching leaf-nosed bats. During your time in South America, you have observed two particular traits that allow some leaf-nosed bats to be better adapted to their environment. The first trait is an extra large leaf nose that enables the bat to echolocate and find food more effectively than the usual size leaf nose. Second, some of the bats in the study have stronger tendons in their feet than others. The bats that have stronger tendons are able to hang upside from branches longer than those who do not have as strong of tendons. If you could breed leaf-nosed bats that have both these traits (stronger tendons and larger leaf nose), it would increase their chance for survival in the wild. You have chosen the following two bats to enter into a breeding program for the two desired phenotypic traits. It has been determined (based on your previous research) that both the desired traits are homozygous recessive.



Parent 1: Heterozygous dominant for the leaf-nose trait (Nn). Therefore this parent does not express the extra large leaf-nose trait. Homozygous recessive for the extra strong tendon trait (tt). Therefore this parent does express the extra strong tendon trait. Parent 2: Homozygous recessive for the leaf-nose trait (nn). Therefore this parent does express the extra large leaf-nose trait. Homozygous recessive for the extra strong tendon trait (tt). Therefore the parent does express the extra strong tendon trait. Possible Alleles



Parent 1 Genotype



Parent 2 Genotype



Questions: 1. Determine the possible genotype(s) that will produce individuals that have a normal size leafnose (do not express the extra large leaf-nose trait) and have normal claw curvature (do not express the extra claw curvature trait). What is the frequency that each of these genotype (s) occur in the dihybrid cross? 2. Determine the possible genotype (s) that will produce individuals that have a normal size leafnose and the extra claw curvature? What is the frequency that each of these genotype (s) occur in the dihybrid cross? 3. Determine the possible genotype(s) that will produce individuals that have the extra large leafnose and extra claw curvature. What is the frequency that each of these genotype (s) occur in the dihybrid cross? 4. What is the ratio between rhinos that have normal a leaf-nose and extra claw curvature to those that have extra claw curvature and larger leaf-nose? (Normal leaf-nose and extra claw curvature to larger leaf-nose and extra claw curvature). Genetics • 9-12 Activities • page 6
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Osprey (Pandion haliaetus) You are a wildlife biologist researching ospreys. During your time in North America, you have observed two particular traits that allow some ospreys to be better adapted to their environment. The first trait is extra pigmentation in the dark band that extends from the beak through the eye. The extra dark band enables the osprey to reduce glare from the sun more than ospreys that do not have the extra dark pigmentation. Second, some of the ospreys in the study have extra long spicules than others. The ospreys that have these extra long spicules are able to capture prey more efficiently than those who do not have the extra long spicules. If you could breed ospreys that have both these traits (extra pigmentation and longer spicules), it would increase their chance for survival in the wild. You have chosen the following two ospreys to enter into a breeding program for the two desired phenotypic traits. It has been determined (based on your previous research) that both the desired traits are homozygous recessive.



Parent 1: Heterozygous dominant for the extra pigmentation trait (Pp). Therefore this parent does not express the extra pigmentation trait. Homozygous recessive for the extra long spicule trait (ss). Therefore this parent does express the extra long spicule trait. Parent 2: Homozygous recessive for the extra pigmentation trait (pp). Therefore this parent does express the extra pigmentation trait. Heterozygous dominant for the extra long spicule trait (Ss). Therefore the parent does not express the extra long spicule trait. Possible Alleles



Parent 1 Genotype



Parent 2 Genotype



Questions:



1. Determine the possible genotype (s) that will produce individuals that have normal pigment (do not express the extra dark pigment in the band that extends from the beak through the eye) and have normal length spicules (do not express the extra long spicule trait). What is the frequency that each of these genotype (s) occur in the dihybrid cross? 2. Determine the possible genotype (s) that will produce individuals that have normal pigment and extra long spicules? What is the frequency that each of these genotype (s) occur in the dihybrid cross? 3. Determine the possible genotype (s) that will produce individuals with extra dark pigment in their eye band and have normal spicules. What is the frequency that each of these genotype (s) occur in the dihybrid cross? 4. Determine the possible genotype (s) that produce individuals with extra pigment in the eye band and extra long spicules. What is the frequency that each of these genotype(s) occur in the dihybrid cross? 5. What is the ratio between the four phenotypic traits (normal pigment with normal spicules, extra pigment with normal spicules, normal pigment with extra long spicules, and extra pigment with extra long spicules)?
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Bongo Antelope (Tragelaphus eurycerus ) You are a wildlife biologist researching bongo antelope. During your time in Africa, you have observed two particular traits that allow some bongos to be better adapted to their environment. The first trait is that some bongos have thicker horns than others. The thick horns enable the bongo to defend itself better than bongos that do not have the thicker horns. Second, some of the bongos in the study have longer prehensile tongues than others. The bongos that have this extra long prehensile tongue are able to browse for food more efficiently than those who do not have this trait. If you could breed bongos that have both these traits (thicker horns and longer prehensile tongues), it would increase their chance for survival in the wild. You have chosen the following two bongos to enter into a breeding program for the two desired phenotypic traits. It has been determined (based on your previous research) that both the desired traits are homozygous recessive.



Parent 1: Heterozygous dominant for the horn trait (Hh). Therefore this parent does not express the extra thick horn trait. Heterozygous dominant for the prehensile tongue trait (Ll). Therefore this parent does not express the extra long prehensile lip trait. Parent 2: Heterozygous dominant for the horn trait (Hh). Therefore this parent does not express the extra thick horn trait. Heterozygous dominant for the prehensile tongue trait (Ll). Therefore the parent does not express the extra long prehensile tongue trait. Possible Alleles



Parent 1 Genotype



Parent 2 Genotype



Questions: 1. Determine the possible genotype (s) that will produce individuals that have normal horns (do not express the extra thick horns) and have a normal prehensile tongue (do not express the extra long prehensile tongue trait). What is the frequency that each of these genotype (s) occur in the dihybrid cross? 2. Determine the possible genotype (s) that will produce individuals that have normal horns and the extra long prehensile tongue trait? What is the frequency that each of these genotype (s) occur in the dihybrid cross? 3. Determine the possible genotype (s) that will produce individuals with extra thick horns and have a normal prehensile tongue. What is the frequency that each of these genotype (s) occur in the dihybrid cross? 4. Determine the possible genotype (s) that produce individuals with extra thick horns and extra long prehensile tongue. What is the frequency that each of these genotype(s) occur in the dihybrid cross? 5. What is the ratio between the four phenotypic traits (normal horns with normal prehensile tongue, normal horns with extra long prehensile tongue, thick horns with normal prehensile tongues, and extra thick horns with extra long prehensile tongues)?
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TEACHER’S GUIDE ANSWERS BLACK RHINO Parent 1 Genotype PP Ee



Possible Alleles



Parent 2 Genotype Pp ee



PE



Pe



PE



Pe



Pe



PPEe



PPee



PPEe



PPee



Pe



PPEe



PPee



PPEe



PPee



Pe



PpEe



Ppee



PpEe



Ppee



Pe



PpEe



Ppee



PpEe



Ppee



1. Determine the possible genotype (s) that will produce individuals that have a normal prehensile lip (do not express the extra long lip trait) and have normal ears (do not express the extra long ear trait). What is the frequency that each of these genotype (s) occur in the dihybrid cross? PPEe (4/16)



PpEe (4/16)



2. Determine the possible genotype (s) that will produce individuals that have a normal lip and the extra long ears? What is the frequency that each of these genotype (s) occur in the dihybrid cross? Ppee (4/16)



Ppee (4/16)



3. How many rhinos will have the extra long lip and ear trait from the two parents crossed above? Explain your answer. None, because one of the parents is homozygous dominant for the normal prehensile lip trait. Therefore, that parent will contribute one dominant allele for the normal prehensile lip trait to all offspring possibilities. The recessive trait of having an extra long prehensile lip can only be expressed if a recessive allele is contributed by each parent. 4. What is the ratio between rhinos that have normal prehensile lips and ears to those that have the normal lip but extra long ears? (Normal lip and ears : Normal lip and extra long ears). 8:8 or 1 to 1. There is an equal probability of having normal prehensile lip individuals with normal ears as there is a chance of having normal prehensile lip individuals with extra long ears.
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TEACHER’S GUIDE ANSWERS BURMESE PHYTHON Parent 1 Genotype SsPp



Possible Alleles



Parent 2 Genotype SS Pp



SP



Sp



sP



sp



SP



SSPP



SSPp



SsPP



SsPp



SP



SSPp



SSpp



SpSp



Sspp



SP



SsPP



SsPp



ssPP



ssPp



Sp



SsPp



Sspp



ssPp



sspp



1. Determine the possible genotype (s) that will produce individuals that have normal sized scales (do not express the extra large abdominal scales) and have normal pigmentation (do not express albinism). What is the frequency that each of these genotype (s) occur in the dihybrid cross? SSPP (1/16)



SSPp (2/16)



SsPP (2/16)



SsPp (4/16)



2. Determine the possible genotype (s) that will produce individuals that have normal scales and are albino? What is the frequency that each of these genotype(s) occur in the dihybrid cross? SSpp (1/16)



Sspp (2/16)



3. Determine the possible genotype (s) that will produce individuals with extra large abdominal scales and have normal pigmentation. What is the frequency that each of these genotype (s) occur in the dihybrid cross? ssPP (1/16)



ssPp (2/16)



4. Determine the possible genotype (s) that produce individuals with extra large scales and are albino? What is the frequency that each of these genotype (s) occur in the dihybrid cross? sspp (1/16) 5. What is the ratio between the four phenotypic traits (normal scales with normal pigment, albinism with normal scales, extra large scales with normal pigment, and albinism with extra large scales). 9:3:3:1
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TEACHER’S GUIDE ANSWERS PREHENSILE-TAILED PORCUPINE Parent 1 Genotype Tt Ww



Possible Alleles



Parent 2 Genotype Tt Ww



TW



Tw



tW



Tw



TW



TTWW



TTWw



TtWW



TtWw



Tw



TTWw



TTww



TtWw



Ttww



tW



TtWW



TtWw



ttWW



TtWw



tw



TtWw



Ttww



ttWw



Ttww



Questions: 1. Determine the possible genotype (s) that will produce individuals that have normal sized prehensile tails (do not express the extra long prehensile tail) and have normal sized whiskers (do not express the extra long whisker trait). What is the frequency that each of these genotype (s) occur in the dihybrid cross? TTWW (1/16) TTWw (2/16) TtWW (2/16) TtWw (4/16) 2. Determine the possible genotype (s) that will produce individuals that have normal sized prehensile tails and extra long whiskers? What is the frequency that each of these genotype (s) occur in the dihybrid cross? TTww (1/16) Ttww (2/16) 3. Determine the possible genotype (s) that will produce individuals with extra long prehensile tails and have normal whiskers. What is the frequency that each of these genotype (s) occur in the dihybrid cross? ttWW (1/16) ttWw (2/16) 4. Determine the possible genotype (s) that produce individuals with extra long prehensile tails and whiskers. What is the frequency that each of these genotype(s) occur in the dihybrid cross? ttww (1/16) 5. What is the ratio between the four phenotypic traits (normal tails with normal whiskers, normal tails with extra long whiskers, extra long tail with normal whiskers, and extra long tails with extra long whiskers)? 9:3:3:1



Genetics • 9-12 Activities • page 11



© 2003 Busch Gardens.



TEACHER’S GUIDE ANSWERS LEAF-NOSED BAT Parent 1 Genotype Nn tt



Possible Alleles



Parent 2 Genotype nn tt



Nt



Nt



nt



nt



nt



Nntt



Nntt



nntt



nntt



nt



NnTT



Nntt



nntt



nntt



nt



Nntt



Nntt



nntt



nntt



nt



Nntt



Nntt



nntt



nntt



Questions: 1. Determine the possible genotype (s) that will produce individuals that have a normal size leafnose (do not express the extra large leaf-nose trait) and have normal tendon strength (do not express the extra strong tendon trait). What is the frequency that each of these genotype (s) occur in the dihybrid cross? None, because both parents are homozygous recessive for the extra claw curvature. Every offspring they produce will have this trait. 2. Determine the possible genotype (s) that will produce individuals that have a normal size leafnose and the extra strong tendons? What is the frequency that each of these genotype (s) occur in the dihybrid cross? Nntt (8/16) 3. Determine the possible genotype (s) that will produce individuals that have the extra large leafnose and extra strong tendons. What is the frequency that each of these genotype (s) occur in the dihybrid cross? nntt (8/16) 4. What is the ratio between bats that have a normal leaf-nose and extra strong tendons to those that have extra strong tendons and larger leaf-nose? (Normal leaf-nose and extra strong tendons to larger leaf-nose and extra strong tendons). 8:8 or 1:1
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TEACHER’S GUIDE ANSWERS OSPREY Parent 1 Genotype Pp ss



Possible Alleles



Parent 2 Genotype pp Ss



Ps



Ps



ps



ps



pS



PpSs



PpSs



ppSs



ppSs



ps



Ppss



Ppss



ppss



ppss



pS



PpSs



PpSs



ppSs



ppSs



ps



Ppss



Ppss



ppss



ppss



Questions: 1. Determine the possible genotype (s) that will produce individuals that have normal pigment (do not express the extra dark pigment in the band that extends from the beak through the eye) and have normal length spicules (do not express the extra long spicule trait). What is the frequency that each of these genotype (s) occur in the dihybrid cross? PpSs (4/16) 2. Determine the possible genotype (s) that will produce individuals that have normal pigment and extra long spicules? What is the frequency that each of these genotype (s) occur in the dihybrid cross? Ppss (4/16) 3. Determine the possible genotype (s) that will produce individuals with extra dark pigment in their eye band and have normal spicules. What is the frequency that each of these genotype (s) occur in the dihybrid cross? PpSs (4/16) 4. Determine the possible genotype (s) that produce individuals with extra pigment in the eye band and extra long spicules. What is the frequency that each of these genotype(s) occur in the dihybrid cross? ppss (4/16) 5. What is the ratio between the four phenotypic traits (normal pigment with normal spicules, extra pigment with normal spicules, normal pigment with extra long spicules, and extra pigment with extra long spicules)? 4:4:4:4 or 1:1:1:1 Genetics 9-12 Activities • page 13
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TEACHER’S GUIDE ANSWERS BONGO ANTELOPE Parent 1 Genotype Hh Ll



Possible Alleles



Parent 2 Genotype Hh Ll



HL



Hl



hL



hl



HL



HHLL



HHLl



HhLL



HhLl



Hl



HHLl



HHll



HhLl



Hhll



hL



HhLL



HhLl



hhLL



hhLl



hl



HhLl



Hhll



hhLl



hhll



1. Determine the possible genotype (s) that will produce individuals that have normal horns (do not express the extra thick horns) and have a normal prehensile tongue (do not express the extra long prehensile tongue trait). What is the frequency that each of these genotype (s) occur in the dihybrid cross? HHLL (1/16)



HHLl (2/16)



HhLL (2/16)



HhLl (4/16)



2. Determine the possible genotype (s) that will produce individuals that have normal horns and the extra long prehensile tongue trait? What is the frequency that each of these genotype (s) occur in the dihybrid cross? HHll (1/16)



Hhll (2/16)



3. Determine the possible genotype (s) that will produce individuals with extra thick horns and have a normal prehensile tongue. What is the frequency that each of these genotype (s) occur in the dihybrid cross? hhLL (1/16)



hhLl (2/16)



4. Determine the possible genotype (s) that produce individuals with extra thick horns and extra long prehensile tongue. What is the frequency that each of these genotype(s) occur in the dihybrid cross? hhll (1/16) 5. What is the ratio between the four phenotypic traits (normal horns with normal prehensile tongue, normal horns with extra long prehensile tongue, thick horns with normal prehensile tongues, and extra thick horns with extra long prehensile tongues)? 9:3:3:1
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Transcription Flip-Book OBJECTIVE The student will identify the steps involved in the process of transcription. The student will define vocabulary associated with the transcription process. ACTION 1. Give a brief overview of transcription using the background information. 2. Explain that each student is going to create a transcription flip-book that outlines the steps involved in the transcription process. 3. Hand out one complete set of flip sheets to each student and instruct them to cut all of the picture cards out. Each of the picture cards represents a chronological step involved in transcription. 4. Instruct students to place the picture cards in the chronological order of the transcription process. The students should write a description of the picture on the back of the card. The description should include a definition of any vocabulary words on the front of the card as well as a detailed explanation of the transcription step pictured. 5. Review the process of transcription in detail and check students' answers using the teacher's guide. 6. Instruct students to staple their picture cards together. Next, students can flip the pages of the book to see all the steps involved in transcription come to life with detailed explanations of each step on the back. 7. Review that the purpose of the transcription process is to create an mRNA molecule that will eventually be translated into a protein. All animals utilize proteins in some way and some are specific to different animal species. 8. Divide the class into groups of four or five. 9. Hand out one research question (from the Animal-mRNA Funsheet) and an AnimalmRNA table to each group. Explain that each group is going to construct an mRNA molecule that is specific to a certain species of animal. 10. Ask students to refer back to their transcription flipbooks and proceed to the page that introduces the initiation or start site. Explain that the entire class has the exact sequence of nitrogenous bases listed in the exact order following the promotor site. In order to answer their question, each group will have to modify this sequence of DNA on the template strand. The questions are preceded by a set of instructions that Genetics • 9-12 Activities • page 15



outline the procedure for modifying their DNA sequence. Ex: Starting at the initiation site, change the third nitrogenous base to Cytosine from Thymine. 11. Ask students to write down the new DNA sequence after it has been modified by their specific group's instructions. Next, instruct students to determine the new corresponding mRNA sequence to their DNA strand. Each student group will have a different DNA and corresponding mRNA sequences (Six versions for the entire class). 12. Explain that each group's mRNA sequence will eventually (after it has gone through the translation process) code for a protein specific to a different animal species. Instruct students to correlate their mRNA sequences to the animal proteins they represent using the Animal-mRNA table. VOCABULARY



MATERIALS



antisense strand: The strand of DNA that is not actively used as a template in the transcription process. codon: A three-nucleotide sequence of DNA or mRNA that specifies a particular amino acid or termination signal and that functions as the basic unit of the genetic code. double Helix: The form of native DNA, referring to its two adjacent polynucleotide strands wound into a spiral shape. DNA: (Deoxyribonucleic acid) A doublestranded, helical nucleic acid molecule, capable of replicating and determining the inherited structure of a cell's protein. exon: The coding region of a eukaryotic gene that is expressed. Exons are separated from each other by introns. genetics: The science of heredity; the study of heritable information. gene: One of many discrete units of hereditary information located on the chromosomes and consisting of DNA. intron: The noncoding, intervening sequence of coding region (exon) in eukaryotic genes. promoter: A specific nucleotide sequence in DNA, flanking the start of a gene; instructs RNA polymerase where to start transcribing RNA. protein: A three-dimensional biological polymer constructed from a set of 20 different monomers called amino acids. RNA: (Ribonucleic acid) A single-stranded nucleic acid molecule involved in protein synthesis, the structure of which is specified by DNA. RNA polymerase: An enzyme that links together the growing chain of ribonu-



For each student: • one copy of flip sheets • one stapler • one pair scissors • one Animal-mRNA Table • one Animal-mRNA Funsheet • 20 5x8 index cards • one Animal-mRNA Table (per group) For class: • one Teacher’s Guide (per class) Preparation: Photocopy the flips sheets and the AnimalmRNA table for each student group. Separate and cut each group's research question from the Animal-mRNA Funsheet. *Activity adapted from Enzyme Action: Flip Books for Science Processes. cleotides during transcription. RNA splicing: The removal of noncoding portions of the RNA molecule after initial synthesis. sense strand: The strand of DNA that is actively used as a template in the transcription process. transcription: The transfer of information from DNA molecule into an RNA molecule. translation: The transfer of information from an RNA molecule into a polypeptide, involving a change of language from nucleic acids to amino acids. triplet code: A set of three-nucleotide-long words that specify the amino acids for polypeptide chains.
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mRNA GUG GCU AUG GUG ACC CUA GUG AAG CUG GGG ACU CCG GUU ACU AUG GUA CCU CUG Codes for a Rat Protein



Codes for a Porcupine Protein



Codes for a Goat Protein



Codes for a Serval Protein



Codes for an Asian Elephant Protein



Codes for a Rhino Protein



Protein



Animal mRNA Table



Animal mRNA Funsheet RESEARCH QUESTION 1 What animal specific protein will eventually be translated from the following mRNA molecule template? Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the fourth nitrogenous base from Thymine to Cytosine and the seventh nitrogenous base from Guanine to Thymine. Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. RESEARCH QUESTION 2 What animal specific protein will eventually be translated from the following mRNA molecule template? Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the sixth nitrogenous base from Adenine to Guanine and the ninth nitrogenous base from Cytosine to Thymine. Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. RESEARCH QUESTION 3 What animal specific protein will eventually be translated from the following mRNA molecule template? Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the fifth nitrogenous base from Guanine to Thymine and the sixth nitrogenous base from Adenine to Cytosine. Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. Genetics • 9-12 Activities • page 18
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RESEARCH QUESTION 4 What animal specific protein will eventually be translated from the following mRNA molecule template? Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the second nitrogenous base from Adenine to Cytosine and the eighth nitrogenous base from Adenine to Guanine. Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. RESEARCH QUESTION 5 What animal specific protein will eventually be translated from the following mRNA molecule template? Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the third nitrogenous base from Cytosine to Adenine and the seventh nitrogenous base from Guanine to Thymine. Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. RESEARCH QUESTION 6 What animal specific protein will eventually be translated from the following mRNA molecule template? Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the third nitrogenous base from Cytosine to Thymine and the fourth nitrogenous base from Thymine to Guanine. Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table.



Genetics • 9-12 Activities • page 19



© 2003 Busch Gardens.



Animal mRNA Teacher Guide RESEARCH QUESTION 1 What animal specific protein will eventually be translated from the following mRNA molecule template? Rhino Protein Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the fourth nitrogenous base from Thymine to Cytosine and the seventh nitrogenous base from Guanine to Thymine. CAC CGA TAC Step Two: Determine the mRNA sequence from the changes in the DNA.Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. GUG GCU AUG Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. Codes for a Rhino Protein RESEARCH QUESTION 2 What animal specific protein will eventually be translated from the following mRNA molecule template? Asian Elephant Protein Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the sixth nitrogenous base from Adenine to Guanine and the ninth nitrogenous base from Cytosine to Thymine. CAC TGG GAT Step Two: Determine the mRNA sequence from the changes in the DNA. Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. GUG ACC CUA Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. Codes for an Asian Elephant Protein RESEARCH QUESTION 3 What animal specific protein will eventually be translated from the following mRNA molecule template? Serval Protein Steps for determining mRNA Molecule Template Step One: Modifying the DNA. Starting at the initiation site, change the fifth nitrogenous base from Guanine to Thymine and the sixth nitrogenous base from Adenine to Cytosine. CAC TTC GAC Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. GUG AAG CUG Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. Codes for a serval protein
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RESEARCH QUESTION 4 What animal specific protein will eventually be translated from the following mRNA molecule template? Goat Protein Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the second nitrogenous base from Adenine to Cytosine and the eighth nitrogenous base from Adenine to Guanine.CCC TGA GGC Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. GGG ACU CCG Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. Codes for a goat protein RESEARCH QUESTION 5 What animal specific protein will eventually be translated from the following mRNA molecule template? Porcupine Protein Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the third nitrogenous base from Cytosine to Adenine and the seventh nitrogenous base from Guanine to Thymine. CAA TGA TAC Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. GUU ACU AUG Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. Codes for a porcupine protein RESEARCH QUESTION 6 What animal specific protein will eventually be translated from the following mRNA molecule template? Rat Protein Steps for determining mRNA Molecule Template Step One: Modifying the DNA Starting at the initiation site, change the third nitrogenous base from Cytosine to Thymine and the fourth nitrogenous base from Thymine to Guanine. CAT GGA GAC Step Two: Determine the mRNA sequence from the changes in the DNA Write down the modified DNA sequence and determine its complementary mRNA strand. Remember: Thymine is replaced by Uracil in RNA. GUA CCU CUG Step Three: Correlate the mRNA strand to the animal specific proteins listed on the Animal mRNA Table. Codes for a Rat protein
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Translation Activity OBJECTIVE The student will identify the steps involved in the translation process. ACTION 1. Divide the class into groups of four or five. 2. Define the process of translation and give a brief explanation using the background information. 3. Pass out one set of Translation Funsheets and an Amino Acid and Protein table to each group. 4. Explain that the activity is divided into two sections. The students will correlate the description of each translation step (listed on the second page of the translation Funsheets) with the illustration on the first page of the Translation Funsheets. There are blank spaces incorporated into the translation illustration for students to label each step with the titles listed above the descriptions on the second page. 5. Explain that every animal species is composed of various types of proteins necessary for life. Each group will represent a certain type of protein that is necessary for an animal to survive. Since each student group is representing a different protein, each group will be given different mRNA sequences. Assign each group one of the mRNA sequences listed below MATERIALS on page 23. The students will have to determine which protein they represent by utilizing the translation process. 6. Instruct students to complete the first section of the activity (correlating the illustration with the translation step descriptions on the second page). Review the correct answers as a class by using the Teacher's Guide. The first step to take in completing the second portion is to divide the given mRNA sequence into codons (three basepairs). Next, the students will correlate each codon to the specific amino acid it codes for by using the Amino Acid Table. Finally, the students will determine which protein their group represents by observing the polymer of amino acids and correlating them to the specific protein they code for. This can be accomplished by utilizing the Protein table. Additionally, students should define the protein type they represent. I.E. How does the animal utilize that particular protein in their body? The answers may be checked for accuracy by using the Teacher's Guide. Genetics • 9-12 Activities • page 22



TRANSLATION VOCABULARY Amino Acid: An organic molecule possessing both carboxyl and amino groups. Amino acids serve as the monomers of proteins. Antibody: An antigen-binding immunoglobulin, produced by B cells, that functions as the effector in an immune response. Anticodon: A specialized base triplet on one end of a tRNA molecule that recognizes a particular complementary codon on an mRNA molecule. A-Site: Aminoacyl-tRNA site; the binding site on a ribosome that holds the tRNA carrying the next amino acid to be added to a growing polypeptide chain. Codon: A three-nucleotide sequence of DNA or mRNA that specifies a particular amino acid or termination signal and that functions as the basic unit of the genetic code. Enzymes: A class of proteins serving as catalysts, chemical agents that change the rate of a reaction without being consumed by the reaction. Genetics: The science of heredity; the study of heritable information. Gene: One of many discrete units of hereditary information located on the chromosomes and consisting of DNA. Hemoglobin: An iron-containing protein in red blood cells that reversibly binds oxygen. Hormone: One of many types of circulating chemical signals in all multicellular organisms, that are formed in specialized cells, travel in body fluids, and coordinate the various parts of the organism by interacting with target cells. Myosin: A type of protein filament that interacts with actin filaments to cause cell contraction. Protein: A three-dimensional biological polymer constructed from a set of 20 different monomers called amino acids. P-Site: Peptidyl-tRNA site, the binding site on a ribosome that holds the tRNA carrying a growing polypeptide chain. Ribosome: A cell organelle constructed in



MATERIALS Per student group: • one Amino Acid Table • one Protein Table • one set of Translation Funsheets (2 pages) Per class: • one Teacher's Guide (per class) • library or Internet access mRNA SEQUENCES FOR GROUPS: Student Group 1: AUGGCCAUUUCAGAGUGGGGUUUUCAGCACUGA



Student Group 2: AUGCCGUAUUGCCGAACUAAAGACGUGCAAUAA



Student Group 3: AUGCUGAAGAGCGGGGGAGCCCUUUUUAAUUAG



Student Group 4: AUGCUCGUGCGGGGGUUUGAACCGAAGUGGUAA



Student Group 5: AUGGACGCGGUUAUAGAACUAUUCUACUGUUAG



Student Group 6: AUGCACUCCGAAUGGAUUACCCAACUGGUGUGA



the nucleolus, consisting of two subunits and functioning as the site of protein synthesis in the cytoplasm. RNA: (Ribonucleic acid) A single-stranded nucleic acid molecule involved in protein synthesis, the structure of which is specified by DNA.Transcription: the transfer of information from DNA molecule into an RNA molecule. Transfer RNA: (tRNA): An RNA molecule that functions as an interpreter between nucleic acid and protein language by picking up specific amino acids and recognizing the appropriate codons in the mRNA. Translation: The transfer of information from an RNA molecule into a polypeptide, involving a change of language from nucleic acids to amino acids. Triplet Code: A set of three-nucleotide-long words that specify the amino acids for polypeptide chains.
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Amino Acid Table Amino Acid Table: Alanine



Arginine



Cysteine



Glutamine



Glycine



GCA GCC GCG GCU



AGA AGG CGA CGC CGG CGU



UGC UGU



CAA CAG



GGA GGC GGG GGU



Asparagine



Aspartic Acid



Glutamic Acid



Histidine



Isoleucine



AAC AAU



GAC GAU



GAA GAG



CAC CAU



AUA AUC AUU



Leucine



Lysine



Methionine



Phenylalanine



Proline



UUA UUG CUA CUC CUG CUU



AAA AAG



AUG



UUC UUU



CCA CCC CCG CCU



Serine



Threonine



Tryptophan



Tyrosine



Valine



AGC AGU UCA UCC UCG UCU



ACA ACC ACG ACU



UGG



UAC UAU



GUA GUC GUG GUU



Stop UAA UAG UGA
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Protein Table Protein Table: Enzyme Proteins



Keratin Proteins



Hemoglobin



Antibodies



Methionine



Alanine



Isoleucine



Serine



Glutamic Acid



Tryptophan



Glycine



Phenylalanine



Glutamine



Histidine



Stop



Methionine



Proline



Tyrosine



Cysteine



Arginine



Threonine



Lysine



Aspartic Acid



Valine



Glutamine



Stop



Methionine



Leucine



Lycine



Serine



Glycine



Glycine



Alanine



Leucine



Phenylalanine



Asparagine



Stop



Methionine



Leucine



Valine



Arginine



Glycine



Phenylalanine



Glutamic Acid



Proline



Lysine



Tryptophan



Stop
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Translation Funsheet 1
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Translation Funsheet page 2 1. There are two parts to a ribosome; a large and small subunit. The small subunit has two binding sites for the mRNA molecule. They are called the p-site and the a-site. 2. The small ribosomal subunit binds to the mRNA molecule. 3. The third step in translation is when an initiator tRNA (a tRNA that contains an anticodon UAC and carries the amino acid Methionine) binds to the start codon of the mRNA AUG. Therefore, AUG is not only the start codon, it also corresponds to the amino acid Methionine. When the initiator tRNA binds to the mRNA, it occupies the p-binding site. Leaving the a-binding site empty. 4. The large subunit of the ribosome then combines to the entire complex (small ribosomal subunit, mRNA, and initiator tRNA). The mRNA is sandwiched between the small and large ribosomal subunits and has the initiator tRNA bound to its start codon. 5. A second tRNA carrying an amino acid approaches the complex and enters into the empty a-binding site. The anticodon of the second tRNA binds to the second codon of the mRNA at this site. The first amino acid (Methionine) and the second amino acid are bound together by a peptide bond. 6. The initiator tRNA that was in the p-binding site is released (leaving the amino acid Methionine bound to the second amino acid) and both ribosomal subunits move along the mRNA until the second tRNA is in the p-site. This leaves the a-binding site open again. 7. A third tRNA binds to third codon of the mRNA at the vacant a-binding site of the small ribosomal subunit. The third tRNA's corresponding amino acid becomes bound by a peptide bond to the growing chain of amino acids. 8. The second tRNA molecule is released leaving its amino acid bound to the growing chain. Both ribosomal subunits move along the mRNA molecule until the third tRNA is in the p-site, leaving the a-binding site open again. 9. The translation process is terminated when the ribosomal subunits come to a stop codon (UAA, UAG, and UGA) on the mRNA molecule. At this point many amino acids have been bound together forming a polypeptide chain. When a stop codon is encountered the a-binding site accepts a protein called a release factor instead of another tRNA. This factor breaks the bond between the tRNA and the polypeptide chain. 10. The polypeptide chain and tRNA (from the p-site are released and the polypeptide goes on to form a protein.
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Teacher’s Guide student group 1: AUG GCC v v Methionine Alanine



AUU v Isoleucine



UGG v Tryptophan



UUU CAG v v Phenylalanine Glutamine



CAC v Histidine



UGA v Stop



UAU v Tyrosine



UGC v Cysteine



CGA v Arginine



ACU v Threonine



CAA v Glutamine



UAA v Stop



AGC v Serine



GGG v Glycine



GGU v Glycine



student group 2: AUG CCG v v Methionine Proline AAA v Lysine



9



GAC GUG v v Aspartic acid Valine



UCA v Serine



GAG v Glutamic acid



student group 3: AUG CUG v v Methionine Leucine



AAG v Lycine



GCC v Alanine



UUU AAU v v Phenylalanine Asparagine



UAG v Stop



student group 4: AUG CUC v v Methionine Leucine



GUG v Valine



CGG v Arginine



GGG v Glycine



UUU v Phenylalanine



GAA v Glutamic acid



AAG v Lysine



UGG v Tryptophan



UAA v Stop



v



student group 5: AUG GAC GCG v v v Methionine Aspartic acid Alanine



GUU v Valine



AUA v Isoleucine



GAA v Glutamic acid



CUA v Leucine



UGU v Cysteine



UAG v Stop



CUU v Leucine



CCG v Proline



UUC UAC v v Phenylalanine Tyrosine



GGA v Glycine



student group 6: AUG CAC v v Methionine Histidine



UCC v Serine



GAA UGG AUU v v v Gluatamic acid Tryptophan Isoleucine



ACC v Threonine



CUG v Leucine



GUG v Valine



CAA v Glutamine



UGA v Stop
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