[image: image1.wmf]Genetics of C. elegans
Introduction 

In this laboratory you will investigate the patterns of heredity. You will collect and manipulate wild type and mutant strains of Caenorhabditis elegans, a soil nematode.

Background
HE1006 rol-6(su1006) II is a dominant rolling allele.

CB187 rol-6(e187)II is a recessive rolling allele.
Since C. elegans exist primarily as self fertilizing hermaphrodites. You will need to encourage your worms to reproduce sexually. This will be accomplished by creating a 1:9 hermaphrodite to male ratio, on a limited bacterial lawn.

Procedure:
1.
Seed the center of 2 petri dishes with I drop of OP50 E. coli. Wait for the suspension to dry.

2.
Use a sterile micro-spatula to plate 1 CB187 rol-6(e187)II L4 hermaphrodite and 9 N2 L4 males to one plate.

3.
Use a sterile micro-spatula to plate 1 HE1006 rol-6(su1006)II  hermaphrodite and 9 N2 L4 males to one plate.
4.
Make sure you label the strains on each plate.
5.
On day 2, if there has been egg laying, remove the adults from the plate (using a sterile micro-spatula). Add 900uL of OP50 E. coli to the plate.
6.
Once the eggs have hatched, count the number of wild type (N2) and rollers in your F1 generation.

7.
When your F1s become L4s, repeat steps 1-6 using only rollers from each plate.

8.
Once the eggs have hatched, count the number of wild type (N2) and rollers in your F2 generation.

Hypothesis:

If the hermaphrodite reproduces sexually with the males, what is the proportion of nonrollers to rollers that you would expect in the F1 generation in the CB187 rol-6(e187)II strain?

In the HE1006 rol-6(su1006)II  strain? Show your work.
If the hermaphrodite reproduces sexually with the males, what is the proportion of nonrollers to rollers that you would expect in the F2 generation in the CB187 rol-6(e187)II strain?

In the HE1006 rol-6(su1006)II  strain? Show your work.
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Data:
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Analysis:

Statistics can be used to determine if differences among groups are significant, or simply the result of predictable error. The statistical test most frequently used to determine whether data obtained experimentally provide a good for or approximation to the expected or theoretical data is the chi-square test.

The chi-square test determines if the differences we observe between our expected and calculated results are within the realm of chance. If the calculated value is less than the table value, we accept the null hypothesis and the difference is not significant. If the calculated value is greater than the table value, we reject the null hypothesis, and the difference is significant. 

The formula for chi-square is:
X2 = S(o-e)2


     e

where 
o = observed number of individuals


e = expected number of individuals


S = the sum of the values

1.
Write a hypothesis that describes the mode of inheritance of the trait you studied. This is your null hypothesis.

_____________________________________________________________________________

_____________________________________________________________________________

2. Do the actual results deviate from what was expected? If so, explain how. 

_____________________________________________________________________________

_____________________________________________________________________________
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Determine the degrees of freedom (df) for your experiment. It is the number of samples (in this case phenotypic classes) minus 1. Since there are 2 possible phenotypes for this experiment, df = 1 (2 samples -1). If the experiment gathered data for a dihybrid cross, there would be 4 possible phenotypes and therefore 3 degrees of freedom.
Find the probability (p) value for your df. 

If you set p = .05, this means that only 5% of the time would you expect to see similar data if the null hypothesis was correct. In other words, you are 95% sure that the data is meaningful and statistically significant.
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3. 
According to the probability value, can you accept or reject your null h ypothesis? Explain why.

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

4. Why was it necessary to put 9 males on the plate with 1 hermaphrodite?

_____________________________________________________________________________

_____________________________________________________________________________

5. 
Why were the parents removed from the plate after 24 hours?

_____________________________________________________________________________

_____________________________________________________________________________

6. 
How is C. elegans mating and inheritance different than other animals (such as D. melangaster)?

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

7. 
The only way for a population of hermaphrodites to produce a male is if they are heat shocked (kept at high temperatures for short periods or time). Since hermaphrodites can reproduce asexually without males, what do you think is the purpose of males in C. elegans?

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

Adapted from Lab 7: Genetics of Organisms from the Advanced Placement Biology Course.

To sex or not to sex, THAT is the Question Debate.

There are some organisms that live primarily as asexual creatures, but then are prompted to live a sexual lifestyle for a short period of time. Rotifers reproduce

I. Syngamy - the fusion of gametes; fertilization 

A. In animals, syngamy usually requires the physical interaction of mating males and females. 

B. In seed plants, syngamy requires a mechanism for transferring pollen from floral structures within or between individuals (self-pollination vs. cross pollination respectively) usually gravity, wind, or animals. 

C. In spore-forming plants such as ferns, horsetails, and mosses; syngamy requires mechanisms for fusion of egg and sperm, usually water. 

II. Parental investments - 

A. the resources that individuals devote to each offspring; 

1. these investments can be used to produce: 

a. lots of offspring, each receiving relatively small proportions of the resources, or 

b. few offspring, with each getting a larger proportion of the investments 

2. Males usually produce small gametes which contribute only the genetic information; usually make less of an investment than do females from the point of view of a gamete. 

3. Females produce larger gametes containing not only genetic information but also food reserves for the developing embryo and often provide a larger proportion of parental care after birth of the young. 

B. Considerations regarding sexual reproduction: 

1. Why is reproduction in most organisms sexual? 

2. What environmental factors encourage sexual reproduction? 

3. Why are there, seemingly, more advantages to asexual reproduction vs. sexual reproduction? 

C. Asexual vs. sexual reproduction: 

1. Advantages of asexual reproduction - asexual requires no fusion of gametes, or in some plants, self-pollination with out any cross-pollination may occur and result in essentially asexual populations in some spp.; many weeds are asexual and are very well adapted for colonizing new or disturbed habitats both asexually and sexually; asexually by vegetative propagation or cloning of an individual plant; cloning - making multiple copies of genetically identical individuals; examples: 

a. dandelion - in populations where self-pollination is predominant, the individuals are very similar, genetically to each other; essentially an asexual population with little genetic variability. 

b. certain spp. of weedy, annual plants with short life cycles; many members of the mustard family (Brassicaceae) tend to be rather variable with regard to pollination modes: 

i. Leavenworthia sp. - usually a cross-pollinated sp.; however, in the absence of a suitable pollinator, this plant will form asexual populations by self-pollinating; referred to as a facultatively self-pollinated sp.; type of pollination is dependent on environmental factors. 

ii. Brassica rapa, rape seed - is an obligate cross-pollinating sp.; very rarely self-pollinates, when it does, only a few viable seeds are produced; therefore, any asexual reproduction will have to occur by vegetative propagation. 

iii. Arabidopsis thaliana - is a facultatively cross-pollinated sp.; usually self-pollinated but can be cross pollinated with relatively little difficulty. 

2. Other advantages of asexual reproduction: 

a. quick colonization of habitats 

b. efficient use of maternal material - the egg; if many obligately sexually reproducing eggs are produced, the maternal investments may, and usually are wasted if a suitable mate is not found; this is referred to as the cost of meiosis - in order for sexual reproduction to occur, haploid gametes must be produced; in most females, not all of the eggs are fertilized and maternal investments are wasted 

c. overall fewer parental investments 

3. Advantages of sexual reproduction - advantageous in a changing and unpredictable environment due to increase in genetic variablity in offspring; types of advantageous sexual reproduction modes: 

a. Facultatively sexual organisms - can reproduce either sexually or asexually; e.g. protozoa and certain invertebrates such as rotifers and aphids; reproduce asexually during summer, and only at the end of the season do they reproduce sexually, thus providing genetic variability during the next, possibly different summer season; they take advantage of good growing seasons by quickly reproducing asexually, and then reproducing sexually during poor growing seasons, producing dormant, sexually drived individuals. 

b. Obligately sexual organisms - greater genetic variability, varied offspring out compete asexual clones in nearly all microhabitats except those few where genetic clones are highly adapted, competition between predator-prey relationships within sexual spp. keep sexualality going as well (e.g. predators learn to attack a genetically uniform population of prey and possibly eliminate the prey; only by continually changing genotypes, can the prey survive, thus forcing the predators to be sexual as well); the same is true for pathogenic microorganisms - refer back to the increase in genetic variabilty and antibiotic resistance in spp. that undergo a special form of a, somewhat 

. Reproductive diversity

All living organisms have the capacity to produce new organisms similar to themselves. The methods and complexity of the reproductive process vary tremendously, but there are two fundamental types: asexual reproduction, in which a single organism separates into two or more equal or unequal parts; and sexual reproduction, in which a pair of specialized sex cells fuse [1]. 

    Asexual reproduction is found in the majority of living organisms, including most plants, protists (e.g. bacteria, protozoans, and unicellular algae and fungi), and many lower invertebrates. In unicellular organisms it usually takes the form of fission (or mitosis), in which the parent organism splits into two or more identical 'daughter' organisms. In some cases, the cells thus formed may remain clustered together to form filaments or colonies. Protozoans and many lower plants (e.g. ferns) propagate by shedding spores -- reproductive cells that produce new organisms without fertilization. In some lower animals (e.g. hydra) and in yeasts, a common form of reproduction is budding: a small protuberance or bud forms on the surface of the parent's body, increases in size, and finally separates and develops into a new individual identical with the parent. Sponges produce internal buds known as gemmules. 

    Regeneration is a specialized form of asexual reproduction. Some organisms (e.g. starfish, polyps, zebrafish, flatworms, newts, and salamanders) can regenerate new heads, limbs, internal organs, or other body parts if the originals are lost or injured. Many plants are capable of total regeneration, i.e. the formation of a whole individual from a single fragment such as a stem, root, leaf, or even a small slip from such an organ (as in grafting). Among animals, the lower the form, the more capable it is of total regeneration; no vertebrates have this power, though clones of mammals have been produced in the laboratory from single somatic cells (the first clone -- Dolly the sheep -- was produced in 1997). Regeneration is closely allied to vegetative reproduction, the formation of a new individual by various parts of the organism not specialized for reproduction. The highest animals that exhibit vegetative reproduction are the colonial tunicates (e.g. sea squirts), which, much like plants, send out runners in the form of stolons, small parts of which form buds that develop into new individuals. 

    Sexual reproduction occurs in many unicellular organisms and in all multicellular plants and animals. In higher invertebrates and in all vertebrates it is the exclusive form of reproduction, except in the few cases in which parthenogenesis (virginal reproduction) is also possible. A number of unicellular organisms multiply by a primitive form of sexual reproduction known as conjugation: two similar organisms fuse, exchange nuclear materials, and then break apart; each organism then reproduces by fission. 

    Most multicellular animals and plants undergo a more complex form of sexual reproduction in which distinct male and female reproductive cells (gametes) unite to form a single cell, known as a zygote, which then undergoes successive divisions to form a new organism. In this type of sexual reproduction, half the genes in the zygote come from one parent and half from the other. Whereas asexual reproduction allows beneficial combinations of characteristics to continue unchanged, offspring produced by sexual reproduction inherit endlessly varied combinations of characteristics. 

    In the case of plants, wind and insects carry the sperm to the stationary egg, or, in a liquid medium, the sperm swims to the egg. In lower animals, sperm and eggs are often deposited in water, but this method is haphazard as only a few of the many sperm discharged reach the eggs. In higher animals, the spermatozoa, contained in the seminal fluid, are deposited in the lower segment of the female reproductive tract. All mammals, reptiles, and birds as well as some invertebrates, including snails, worms, and insects, use internal fertilization. In many lower multicellular organisms and all higher plants, a sexually produced generation alternates with an asexually produced generation. 

    After fertilization of the egg, the resulting zygote undergoes cell division and differentiation to form the embryo. In most higher plants, the embryo is enclosed in a layer of nutritive material surrounded by a hard outer covering, forming the seed. In most lower animals, the embryo, surrounded by the nutritive material of the former ovum, is enveloped by a leathery or calcareous shell and is extruded from the body of the female. Oviparous animals, such as birds, lay their eggs before the young are completely developed. Ovoviviparous animals produce eggs in shells that hatch within the mother's body. Placental mammals are viviparous, i.e. they give birth to live young without forming shelled eggs; the embryo is implanted in the uterus and nourished by the mother until almost completely developed. 

    Parthenogenesis involves the development of an ovum without fertilization. It is common among lower plants and invertebrate animals, especially rotifers, aphids (plant lice), ants, wasps, and bees. In the aphids there is an alternation of generations: parthenogenetic development of eggs (while in the oviduct) takes place in summer when conditions are favourable, while with the coming of autumn, with lack of sunshine and less abundant food, males appear together with sexual reproduction. The same sex cells sometimes produce different kinds of individuals according to whether or not they are fertilized. For instance, among our common honey bees, a male individual (a drone) arises out of the eggs of the queen if the egg has not been fertilized, and a female (a queen or working bee) if it has. A few kinds of amphibians, reptiles, and birds can reproduce parthenogenetically. 

    Hermaphroditism refers to the presence of organs producing sperm and ova in the same individual. It occurs in the great majority of flowering plants. Most hermaphroditic plants produce male and female elements at different times to ensure cross-pollination, but a few, such as the violet and the evening primrose, are self-pollinated. Hermaphroditism habitually occurs in many invertebrate animals, in the hagfish and tunicate, and a genus of sea bass. It occurs occasionally in other fishes, and in frogs, toads, and certain newts among the amphibians. Hermaphrodite animals are rarely self-fertilizing; in most cases the spermatozoa and ova mature at different times, or the male and female external organs are located so that self-fertilization is impossible. Among the invertebrates, sponges, coelenterates, some mollusks, and earthworms are regularly hermaphroditic. Flatworms have a complete set of male and female gonads in each segment and regularly fertilize themselves. 

    True functional hermaphroditism is rare or absent in higher animals. Animals intermediate in form between males and females occasionally appear, but they are usually sterile, and, when fertile, do not produce both fertile eggs and fertile sperm. Such individuals are often called intersexes. Intersex humans also appear; this category includes all people born with sex chromosomes, external genitalia, or internal reproductive systems that are not considered standard for male or female. 

    Although scientists can now describe the physical processes involved in reproduction in great detail, fertilization remains one of the least understood of all fundamental biological processes. The mechanisms involved in parthenogenesis are not understood either. And the seemingly miraculous process whereby a fertilized egg develops into a full-grown organism raises even more questions. Genes do not explain this complex process, as they carry instructions for making proteins, but not for their arrangement into tissues, organs, etc. Something else appears to guide and coordinate embryological development. According to occult science, physical processes are organized and guided from subtler, nonphysical levels of an organism's constitution, visible only to those who have developed higher clairvoyance [2]. 

    Explaining how and why sex emerged in the first place poses insuperable problems for orthodox evolutionary theory. The idea that all the intricate components of the male and female reproductive systems could emerge more or less simultaneously, in perfect working order, through purely random genetic mutations, is utterly absurd. Moreover, in the darwinian struggle to pass on more of one's genes to future generations, asexuality is twice as efficient as sexuality. This is because an asexual parent transmits all its genes to each progeny, whereas when a sexual organism forms sperm or egg cells, half the genes are removed. As Richard Dawkins puts it: 'Sexual reproduction is analogous to a roulette game in which the player throws away half his chips at each spin. ... [T]he existence of sexual reproduction really is a huge paradox.' Another darwinist says that sex 'does not merely reduce fitness, but halves it', and should therefore be 'powerfully selected against and rapidly eliminated wherever it appears' [3]. 

    Sexual organisms face various problems that are avoided in asexual organisms. In addition to the cost of evolving and maintaining the sex organs, there is the possibility of blood Rh factor incompatibilities and tissue rejection between mother and child. Because sperm and eggs are like foreign tissue due to their different genetic makeup, special mechanisms are required to keep the body's immune defences from destroying its own gametes. Finding a mate, courting, and copulating involve risks that place sexual organisms at a further disadvantage compared with asexual organisms. Scientists therefore admit that 'there is no convincing Darwinian history for the emergence of sexual reproduction'. 

    In the case of asexual organisms, all offspring are essentially clones of the single parent, and differ from it only by new mutations. Sex, on the other hand, creates diversity. Sex shreds every genome in every generation, with the result that all offspring are genetically different (except in rare cases such as identical twins). Scientists acknowledge that it is difficult to identify any short-term individual benefit in diversity. They also believe that sex would tend to slow the evolution of a species rather than accelerate it, because it breaks up gene combinations with no regard for their adaptive value. 

    Another hypothesis is that the benefit of sex lies not in accelerating the spread of beneficial mutations but in more rapidly eliminating harmful mutations. Asexual lineages can acquire more harmful mutations but never less, whereas in a sexual population it is possible for offspring to have fewer harmful mutations than either parent. The problem with this argument is that darwinism assumes that evolution cannot look ahead to the future; it can only select traits based on their immediate short-term benefits for the individual. If sex primarily helps to maintain the long-term genetic well-being of species, it cannot have evolved by purely darwinian mechanisms.    

The evidence suggests that no major group of organisms (except one group of invertebrate rotifers) has evolved and diversified over long periods using parthenogenesis (development of eggs without fertilization 'virgin birth' as in aphids or Daphnia (water flea), or apomixis in plants) alone. When, however, the cost of sex (this is the cost of males, mating and recombination) outweighs the benefits of sex, a species may switch back to asexual reproduction. This is what is believed to have happened to dandelions. Interestingly, some species have adapted to have both modes of reproduction depending on the environmental conditions (see the link for the Encyclopaedia Britannica article at the end). Aphids reproduce parthenogenetically in the spring and summer when food supply is plenty. This enables them to reproduce very rapidly (and produce wingless offspring). When they face the long winter with no food around, they switch to sexual reproduction and deposit their fertilized large eggs on plants (alternation of generations). These eggs start a new generation of asexually reproducing (winged) females next spring. Similarly, plants may also have alternation in generations with different modes of reproduction. In some plants, one generation consists of diploid plants (sporophytes). Some of their cells undergo meiosis and produce haploid spores. These spores develop directly into haploid plants (gametophytes). Haploid gametophytes produce gametes by mitosis which will fuse to form a diploid zygote that develops into a diploid sporophyte plant. Most algae, fern, mosses and some vascular plants go through these separate phases in their life cycle.
The two important features of sexual reproduction are meiosis (production of haploid gametes to fuse with a different haploid gamete and crossing-over during this process) and syngamy (fusion of two haploid gametes to produce a diploid zygote). These features result in production of offspring significantly varied and rather different from the parents. In asexual reproduction, however, the parent produces progeny that are exact genetic replicas of themselves. Despite the expectation that sex should produce greater genetic diversity, asexual species may have very high levels of heterozygosity for unknown reasons. Asexual reproduction is generally favored when a species lives in a stable environment. The exception of sexual reproduction resulting in haploid offspring is what is seen in social insects such as wasps and bees. In the situation called 'haplodiploidy', male offspring are haploid as they result from unfertilized eggs, and females are diploid -the product of fertilization of an egg by a sperm-. This creates a situation that sisters are genetically 75% identical to each other as they all get the same haploid set from their fathers and either haploid set from their mothers. This has important implications in altruism (see Hamilton's rule in the introduction).
One consequence of sexual reproduction is anisogamy (the existence of two kinds of gamete, eggs and sperm) which is the basis of morphological and behavioral differences between the sexes (see sexual selection). 
Modes of reproduction
Mitotic parthenogenesis
Sexual parthenogenesis
Self-fertilizing hermaphroditism [simultaneous or sequential]
Sex with polyembryony
Inbreeding sex
Outbreeding sex
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