
Chapter 11: Mendel, Genes and Inherence

· Gregor Mendel is an Augustinian monk known as the founder of genetics
· He used garden peas to stuffy the pattern of inheritance.
· To test his hypothesis he bred generations of pea plants and observed their patterns of what traits the parent transmits to their offsprings.
· 
He’s findings founded the science of genetics and still have the power to explain some of the most puzzling aspects of inheritance.
11.1 The beginning of Genetics

· Until the 1900 scientist believed in the blending theory of inheritance, which meant that hereditary traits blend evenly in offsprings, like mixing coffee and cream.
· Problem: if this were true why don’t very short and very tall people disappear?Why do blue eyed children pop out of brown eyed families?
· In 1860’s Mendel did an experiment with garden peas, and he studied heritable characteristics called characters such as flower colours or seed shape.
· A variation in a character is called a  trait such as the flowers color.
· Mendels established that characters are passed onto offsprings in discrete hereditary factors, now known as genes.
· He observed that instead of blending, many parental traits stayed the same, and some disappears just to reappear unchanged in the next.
· This is a result of segregation of chromosomes, when genes are located to gametes in meiosis.
· Chose pea plants because their easy to grow and cheap.
· He chose pea plants that where  true-breeding, meaning when they self-fertilize they pass trains without changing from one generation to the next.
· Gametes are produced in structures of flowers.
· The male gametes are sperm nuclei contained in the pollen,which is produced in the anthers of the flower.
· The females gametes are egg cells, produced in the carpel of the flowers.
· Normally pea plants self-fertilize (aka self pollinate), when sperm nuclei in pollen produced by anthers fertilize egg cells housed in the carpel of the same flower.
· Mendel prevented self-fertilization by cutting off the anthers.This means pollen must come from a different plant. This is called cross-pollination.
· Flower color is one of the seven characteristics of Mendel uses.
· One true-breeding purple flower and one true bleeding with white flowers.
· Mendel took pollen from the anthers of plants with purple flowers and placed it in the white flower plants.
· He placed the pollen on the stigma-the part of the carpel that receives pollen in flowers.
· He did the same but the other way around, putting white flower pollen into the  sigma of the purple flower.
· The crosses all resulted with seeds, and the seed contained a zygote or an embryo.
· The seeds become pea plants and the first generation from the crosses are the F1 generation. (F stands for filus (son))
· Plants used in the initial cross are called parental or P generation.
· The plants grown from the F1 seeds all formed purple flowers!-no blending!
· Mendel the allowed F1 plants to self pollinate and produce seeds known as F2 generation.And when he planted them, the white flowered trait reappeared-both purple and white flowers where produced.
· 705 plants purple flowers and 224 white flowers = 3:1 ration ( 75% purple v.s 25% white)
· Mendel also observed trains like seed colour (green and yellow), and same patterns were observed.
Mendels first hypothisis:

· “ The adult plants carry a pair of factors that govern the inheritance of each character”
· Mendels factors are called genes, which are located in chromosomes and different versions of gametes produces different traits of characters= the alleles of genes.
· In the garden pea there are two alleles of the gene that govern flower colour- one is purple the other is white.
· Organisms with two copies of each gene are known as  diploids. : the two alleles of a gene in a individual may be identical or different.
· When traits seem to “disappear” its because they are masked by a “stronger” allele. 
· Dominant allele is expressed.
·  Recessive allele is masked.
· Mendels second hypothesis: 
· “ if an indivisual’s pair of genes consisted of different alleles, one is dominant over the other”
·  When a dominant allele is paired with a recessive allele, dominant alleles is expressed
· A recessive allele is only expressed when there are two copies of the allele present.
· Mendel’s third hypothesis is:
· “ the pairs of alleles that control a character segregate as gametes are formed, half the gametes carry one allele, and the other half carry the other allele.” - this is known as Principle of Segregation.
· During fertilization fusion of the haploid maternal and paternal gametes produces a diploid nucleus called the zygote nucleus, this receives one allele for the character from the male and one from the female gametes.
· Mandels three hypothesis explained the result of the crosses.
· The purple color was dominant and is represented by P and the white flower is recessive and symbolized with p.
· If the true breeding parent is PP, than its called a homozygote,  and said to be homozygous for the P allele.
· If pp allele, than its homozygous recessive.
· This meant that mendel did a cross bread with PP x pp resulting in Pp.
· This is called a  heterozygote meaning that their different,and is said to be  heterozygous.
· When these were breed again in the F2 generation it was a Pp x Pp cross resulting in a pair of Pp, one PP and one pp. This cross is called a monohybrid cross.
· The Pp’s, and PP are purple flowers and the pp is a white flower.
· Genotype refers to the genetic constitution of an organism.
· Phenotype refers to its outward appearance. 
· In this case the two different genotypes PP and Pp have the same phenotype.
· Probability is the possibility that an outcome will occur if its a matter of chance, as in the fertilization of an egg by sperm, that contains one allele or another.
· Example: a coin flip
- heads : ½ chance

· tails : ½ chance
·  2 heads is ¼ and same with the chance of tails.
· The product rule is when there are two or more events are independent, the probability that they will both occur is calculated using this rule, and their individual properties are multiplied.
· Example: chances of getting a 4 on the die is ⅙, and ⅙ on the second die. But because events are both independent its ⅙ x ⅙ = 1/36.
· So chances of having a girl is ½, but four girls in a row is 1/16.
· The sum rule applies when several different events all give the same outcome, the probability that either event A or event B or event C occur , equals the probability of event A plus event  plus event C.
· What is the probability of rolling a total of 7 on a dice?
· Well you can roll a 6 and a 1, or a 3 and a 4..there are 7 ways to roll a 7 and each way has a frequency of ⅙ x ⅙ = 1/36, and 7 times means : 1/36 + 1/36 + 1/36 + 1/36 + 1/36 + 1/36 + 1/36 = 6/36=⅙. That means you have a chance of rolling total of 7 once in every 6 attempts.
· Since randomness of a die is the same as randomness of inheritance, the same rules apply. 
· In a purple flowered and white flowered (PP x pp)
· The probability of selecting a PP zygote is ½ x ½ = ¼
· The probability of selecting a pp zygote is ½ x ½ = ¼
· Probability of a Pp zygote it ½ x ½ = ¼
· Probability of a pP zygote is ½ x ½ = ¼
· TOTAL probability of a heterozygote is ¼ + ¼ = 2/4 = ½ 
· This entire concept is the Punnett square method for determining genotypes of offsprings.
· To do this write the probability of obtaining gametes with each type of allele from one parent at the top of the diagram and white the chance of obtaining each type of allele from the other parent of the left side.
· Then fill the cells by combing alleles form the top and from the left and multiply their individual probabilities.
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· Mendel wanted to know if he could use this to predict  the outcome of a different cross.
· He crossed a F1 plant with purple flowers (assumed to have Pp) with true-breeding white flowers (pp).
· They all have a p, thus the probability the gamete contained a p is 1.
· When put into the Punnett square, ½ contained P allele and half contained the p allele are on the column heading.
· ½ are expected to have purple flowers and ½ to have white flowers. Ratio of 1:1.
· The actual results where 85 purple flowers and 82 white flowers, close to 1:1 !
· Mendel used a test-cross which determines which is the dominant trait and whether Mendels homozygous or heterozygous.
· Its a dominant homozygous if all the offsprings portray a dominant trait.
· Its a dominant heterozygous if offspring is half display dominant and half recessive.
· Obviously we cant do this with human but we can look back at our history instead.
· What happens in crosses with more than one character involved?- Mendel asked.
· Seed shape and seed color are two characters in one pair of alleles.
· Seed shape: RR or Rr produces round seeds and rr produces wrinkled seeds.
· Seed colours: YY and Yy produced yellow and yy produced  green.
· He breed true for production of round and yellow seeds (RR x YY) and wrinkled and green seeds ( rr x yy) which gave the resulted in all yellow seeds with genotype Rr Yy.
· A zygote produced from two characters is called a dihybrid.
· He planted the F1 seeds ,selfed them and crossed them in a dihybrid cross  ( Rr Yy x Rr Yy)
· The F2 generation included 315 yellow round seeds, 101 yellow wrinkled seeds. 103 green round seeds and 32 green wrinkled seeds, ratio close to 9:3:3:1 (3:1 round:wrinkled and 3:1 yellow:green)
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· Mendels fourth hypothesis:
“  The alleles of the genes that govern the two character segrate independently during formation of gametes”- Mendels Principle of Independent Assortment

· Mendel was so advanced for his time that it was not appreciative for his findings and was only known locally. HE was also very lucky with his choices and that the characteristics he chose were not close to each other genetically or else he would have different results.
· Discovery of meiosis still was discovered and his use of mathematics was new from the biological techniques of his day.
· He was overlooked until early 1900’s, and found out about mendel 34 years later- he had died 16 years before he was discovered and never got the appreciation and recognition he deserved :(
· Mendel couldn't relate behaviors of his “Factors” (genes) to cell structures because he lacked critical information that came ears later.
CHROMOSOME THEORY

· In 1903 Walter Sutton noticed the similarities between inheritance of genes and the behavior or chromosomes in meiosis and fertilization.
· The necessary parallels between genes and chromosomes:
· Chromosomes occur in pairs in diploid organism.
· Chromosomes of each pair are separated and delivered singly to gametes
· Independent assortment of chromosomes
· One chromosome of each pair is derived from the male parent and one from the female parent
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· SO all the behaviors are identical to the behaviors of Mendels hypothesis, and Sutton correctly concluded that genes and their alleles are carried on the chromosomes. This is known as the chromosome theory of inheritance.
· The particular site of the chromosome where the gene is located is called the locus of the gene,
· Its a particular DNA sequence that encodes a protein or RNA responsible for the phenotype controlled by genes.
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· Mendels conclusion applies to all living organisms and opened doors to human genetics.
· Many human genetic traits follow mendelian principles, such as albinism (albinos) and dwarfism.
11.2 Later Modifications and Additions to Mendels Hypotheses.

· New discoveries were made long after mendel:
· Some or all alleles of genes are neither fully dominant or recessive is one of the new findings. Some alleles show incomplete dominance, in which recessive alleles do have some effect on phenotype of heterozygotes. Others re codominant, meaning they have different and aprox. Equal effects in heterozygous.
· Further research shows that more than two alleles of a gene can be present among the members of a population.-this is called multiple alleles and is still consistent with mendels conclusion.
· Epistasis is when activity of one gene influences a different one.
· Polygenetic inheritance in which several different genes each contribute tot he phenotype. That means that alternation in a single gene sometimes affect more then one phenotype of the organism-this is called pleiotropy.
· Incomplete dominance occurs when the effects of recessive alleles can be detected to some extent in heterozygotes. 
· The flower colours in Snapdragons show incomplete dominance:
· Red flowered = Cr and white flowers are Cw, they are crossed ( Cr Cr x Cw Cw)
· If true-breeding red-flowered and white flowered snapdragon plant are crossed all the F1 offsprings have pink flowers-as though they blended. (CrCw)
· When these are crossed they produce the F2 generation, the red and white flowers reappear. ( ¼ red flowered, ¼ white flowered , and ½ pink flowered)--> CrCr (red) CwCw (white) CrCw (pink)
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· Some human disorders show incomplete dominance, sucha as sickle cell disease.
· This is characterized by the alternation in hemoglobin molecule that changes the shape of red blood cells when oxygen levels are low.
· Someone with this disease is homozygote recessive, that encodes a defective form of one of the polypeptides of the hemoglobin molecule.
· Individuals with heterozygote for the recessive alleles have  sickle cell trait- milder form.
·  Familial hypercholesterolemia is another example of incomplete dominance.
· The gene involved encodes low-density lipoprotein (LDL) receptor, cell membrane responsible fore for removing excess cholesterol from the blood.
· Homozygote for LDL and have a severe form of the disease, not producing LDL receptors.
· Heterozygote has a milder form.
· Same goes for Tay-Sachs disease, children are sometimes homozygous for the recessive and it is very severe. Milder is the heterozygous.
· Codominance occurs when different alleles of a gene have equal effects in heterozygotes.
· The human blood types are M, MN and N and are example of codominance.
· These are different from the ABO blood groups.
· Lm Lm = Blood type M , M glycoprotein is present
· Ln Ln = Blood type N , N glycoprotein is present.
· Lm Ln = Blood type  MN ,  both glycoproteins are present.
· Because each genotype has a different phenotype, inheritance pattern for MN blood group alleles is generally the same for incomplete dominant alleles. (meaning you cannot distinguish between codominace and incomplete dominance just by comparing ratio of offspring from crosses)
· MN blood type doesn't effect blood transition and has little medical importance.But used to determine paternity of a child.
· Multiple Alleles  are more than three alleles for a gene.
· Example: normal allele B, but several alterations b1,b2, and b3...etc.
· Causing so many possible combinations since it can be B and b1 allele, or b1 and b5, so on.
· One individual can have two alleles of a gene, there are more than two alleles in the population as a whole.
· Small differences in DNA sequences result in multiple alleles.
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The human ABO blood group

· Discovered in 1901 by Karl Landstiener, as austrian biochemist.
· The immune system produces antibodies against antigens not found on its own red blood cells.
· He saw that people were dying when they got blood transfusion and it was because they had a certain combination that did not match their blood type.
· The four types are A, B, AB and O.
·  Antigens are glycoproteins on the surface of the red blood cells.
· B blood type has Antigen B and A blood type has antigen A, both have antibodies against each other.
· Blood type O have neither antigens A nor antigen B-but against both antigens.
· Blood type AB have neither antigen A nor anti-B antibodies, but have both A and B antigens.
· IA IA or IA I = Blood type A
· IB IB or IB I = Blood type B
· ii = Blood type O
· IA IB = blood type AB
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· So far everything we took is the production of alleles of a single gene, but this is not the case for every gene.
· In Epistasis genes interact and an allele of one locus inhibits or masks the effects of an allele at a different locus. 
· The result of this is that some expected phenotypes do not appear among offsprings.
· Labradors have different colours, black chocolate or yellow.
· Different colours are from variations in the amount of distribution hairs of a brownish pigment called melanin.
· Dominant B allele: black fur color
· Recessive b allele: brown fur
· A different gene controls the pigment deposition:
· Dominant E allele: pigment disposition is normal (normal melanin)
· Recessive e allele: pigment deposition blocked (no melanin-no color (yellow))
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· The phenotypes are:
· Black fur: BB EE, BB Ee, Bb EE, Bb Ee
· Brown fur: bb EE, bb Ee
· Yellow fur: BB ee, Bb ee, bb ee
· That is 9/16 black,3/16 brown and 4/16 yellow. Ratio of 9:3:3:1
· Humans range from short to tall in a continous distribution of graduation in hight between 1-2 meters.
· Polygenetic Inheritance is when several genes at different loci interact to control the same character. This produces continous variations
· Skin color, body weight, seed color in wheat, length of corn, ect
· These characters are known as  quantitive traits.
· Polygenetic inheritance can be detected by defining classes of variation, such as human height and the number of individuals would be plotted on a graph. 
· If the plot produces a bell-shape curve, fewer individuals at the extremes and a greater number in the midpoint, that its an indication os a quantitive trait.
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· Polygenetic inheritance is often modified by environmental effects.
· Height is not the effect of genetics alone, poor nutrition during infancy can limit that effect. Or skin complexions in areas with more sun than others.
· Might look like a blending of parent to offspring but carful analyzation proves otherwise.
· Pleiotropy is that one gene affects more than one character of an organism.
· Such as sickle-cell disease:
· Its a recessive allele that effects hemoglobin structure and function and leads to blood vessel damage
· Which damages many tissues organs and functions
· Which means many symptoms can result.
Refer to page 245

THE END
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