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Laboratory Policies 

Attendance in laboratory is obligatory. Missing the lab without acceptable reason or leaving the room for excessive periods of time during the lab session will result in a failing. 

You are expected to wear a lab coat while present in the laboratory because you will be dealing with biological material, in addition to chemicals that are either mutagenic or carcinogenic, gloves are compulsory. You should collect your hair as a pony-tail, never leave it unbound, avoid wearing sandals. Eating, drinking, and smoking are absolutely forbidden in the laboratory. Unnecessary chatting is not accepted. 

You are required to come to the lab session prepared; a quiz will be given at the beginning of the lab sessions. Quizzes will have 3 questions, 2 of them about the previous experiment, one about the experiment performed that day. 
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Lab Session  1:
Arabidopsis Genomics and Mutants

GOALS: To become familiar with Arabidopsis as a model organism using:

1) the genomic resources on the internet;
2) the phenotype/genotype relationship in Arabidopsis mutants. 

1.  INTRODUCTION  :

Arabidopsis thaliana - What is it?

Arabidopsis thaliana is a small flowering plant, which is widely used as a model organism to study plant developmental processes. It belongs to the Brassicaceae family, like cabbage and radish. Several advantages of A. thaliana in research are: 
*a small genome size (a haploid content of around 100 Mbp of DNA; five chromosomes), 

*a rapid life cycle (about 5 weeks from seed to seed),

*easy cultivation in restricted space, 

*and a large number of mutant stocks 
A. thaliana has a small genome (about 120 Mb) consisting of  5 chromosomes.       The nucleotide sequence of the whole Arabidopsis genome was completed in December 2000 as the first plant genome. It contains about 26000 genes, most of which are putative.
There are many genes which are similar in all plants and the study of genes in a model organism like A. thaliana facillitates our understanding of gene expression and function in all plants. Furthermore, since animals and plants are both eukaryotes, many of the genes found in A. thaliana have homologs in animals.

One of the most important virtues of  Arabidopsis is the generation of mutants  (defects in genes). By identifying the mutation that affects the growth and development, or environmental adaptation of the plant, genes that are responsible for these traits can be identified.

Classification: Arabidopsis thaliana (L.) Heynh.
	Kingdom
	Plantae – Plants 

	       Subkingdom
	Tracheobionta – Vascular plants 

	          Superdivision
	Spermatophyta – Seed plants 

	             Division
	Magnoliophyta – Flowering plants 

	                Class
	Magnoliopsida – Dicotyledons 

	                   Subclass
	Dilleniidae – 

	                      Order
	Capparales – 

	                         Family
	Brassicaceae – Mustard family 

	                            Genus
	Arabidopsis Heynh. – rockcress 

	                               Species
	Arabidopsis thaliana (L.) Heynh. – mouseear cress 


Common names for Arabidopsis 

English: Wall cress; mouse-ear cress 

German: Schmalwand, Gänsekraut, Thal's Gänsekresse 

French: arabette rameuse, arabette des dames 

Spanish: arabide 

Dutch: zandraket 

Japanese: shiro-inu-nazuna 

2. GENOMICS
Please go to the website indicated below;  read and perform the steps for the analysis of Arabidopsis actin genes on pages 86-89.

http://www.biotech.vt.edu/outreach/prep/PREP_Handbook.pdf
Each group will be assigned an Arabidopsis gene family to apply the above analyses to and write a report.
ARABIDOPSIS GENOMICS LAB REPORT: Please write a one-page short assay (plus the figures, tables, and references) about the gene family you have been assigned to.  Indicate how similar the members of the family to each other in terms of their cDNA sequences.

3. MUTANTS
Grow your seeds in the given pots to determine the mutation by comparing your  plant’s phenotypic traits with the wild type.  You can find the name and   genotypic/phenotypic description of each mutant in lab web page http://www.fen.bilkent.edu.tr/~konu/arabidopsis.html. 

NOTE: THIS EXERCISE WILL LAST THROUGHOUT THE SEMESTER. THEREFORE, PERIODICALLY OBSERVE THE GROWTH OF YOUR SEEDLINGS AND RECORD THEIR PHENOTYPE.

You are expected to find out which gene causes the phenotype that you observed in each mutant. Discuss how and why the mutated form of that particular gene might have caused the phenotype you observed.  
ARABIDOPSIS MUTANTS LAB REPORT: Please prepare your report according to the instructions given on the lab web page:  http://www.fen.bilkent.edu.tr/~konu/arabidopsis.html. 

PROTOCOL: ARABIDOPSIS MUTANTS
Seeds which are handed out in the class are described  below.  

	Stock Name   Plant name
	Phenotype Description

	NW20      Landsberg erecta
	Wild Type

	NW30         brevipedicellus
	seed pods bend downwards and the stem is kinked

	N31             eceriferum
	Plant with bright green stem

	NW41         chlorina
	Small yellow green plant

	NW 45        clavata
	Plant with bent club shaped seed pods

	NW64          glabra
	Plant with no hairs on the leaves


SOWING:
1.  Using a multipurpose compost fill your pots (make sure you use gloves). 
2.  Compress very lightly to give a fine bed on which to sow the seeds.

3.  Water the compost lightly until the surface of the compost is damp.

4.  Label the pots with your group name.

6.  Pipet 250 ul of 0.1% Agar solution that contains the seeds.

7.  Cover the pot with plastic wrap and place it in a refrigerator for 3 days. 
8.  Remove from refrigerator and place under the lights for 3 days, covered with plastic wrap.

9.  Next day, crack the lid for 1-2 days to allow plants

to adjust to the change in humidity.

11. Remove the lid entirely and wait until the soil is dry before watering. This

should take an additional several days.

8. Make sure the plants do not dry out but also be careful not to over-water the plants either. If the soil is damp to the touch, then it is wet enough.

8. Watch the development of the different mutants.

PHENOTYPIC SCREENING: 
Please refer to the pages 10-12 in the handbook at http://www.biotech.vt.edu/outreach/prep/PREP_Handbook.pdf
Lab Session 2:

Microscopy and Mitosis

Goals: 

1) To practice the use of compound microscope

2) To prepare slides of onion root tips demonstrating the stages of mitosis
3) To compare stages of mitosis
1. 
INTRODUCTION  :

Mitosis is the process of cell division that occurs in somatic (body) cells. In mitosis, a cell divides to give two daughter cells, essentially identical to the parent cell. Mitosis results in an equal distribution of hereditary material and usually an equal distribution of the cell contents. Single cells divided by mitosis become 2, then 4, then 8, then 16 cells and so on followed by differentiation into various cell types.

 In plants, the roots continue to grow as they search for water and nutrients.             These regions of growth are good for studying the cell cycle because at any given time, you can find cells that are undergoing mitosis.

2. 
LABORATORY EXERCISES :


Onion bulbs will sprout roots if they are placed in water for several days.  The bulbs are placed in water for about four days before the laboratory work is to be done.Young, actively growing roots that are from 2.5 to 5 cm in length should be used for the study of mitosis. 

· Preparing the slides of onion root tip :

a. Collecting the root tips : 


Small root tips (5 mm in size) from actively growing roots are cut from the onion bulb.
b. Softening & Staining: 

To examine the the mitotic process in the cells of the onion root tip, you must soften the root so that the cells can be seperated and flattened , thus making it possible to see the chromosomes, nuclei and other cell parts.

Place the onion root in the Acteoorcein / HCl (9:1) solution in a petri dish 

(WARNING : be careful not to get the acid on your skin or clothing ! ) , incubate at room temperature for 10-15 min.

· Root tips are removed with forceps and placed on a clean glass slide. A drop of acetoorcein stain is placed over the root tip.

· Chop the root tip into many pieces with the razor blade. 

WARNING: Acetocarmine is corrosive and stains skin and clothes. It does not come out. Take care in handling it, and ALWAYS wear gloves.
· A coverslip is placed over the root tip and gentle pressure is applied to the cover slide with a paper towel (push downward firmly with your thumb over the cover glass). This should flatten the  cells and disperse them so they can be observed under the microscope.Cells will separate from each other and spread out in a single layer. 

· Heat the slide gently over bunsen burner (2sn for 4 times) ,  DO NOT BOIL! Avoid glass cracking from excessive heating in one place. This heating will help stain the chromosomes darker.

· Observing :


Examine with the light microscope at low power and then high power (x400). Look for cells where the nuclei have stained red-purple.

Try to identify cells in the stages of interphase, prophase, metaphase, anaphase, and telophase.  

1. Can you locate the various stages of mitosis ?

2.   Identify and draw an onion root cell from your slide in a stage of mitosis.

3. Most of the cells are in what stage ?

· Interphase:  Chromatin appears dispersed, DNA replication occurs.








· Prophase: Chromatin condenses, chromosomes become visible, nuclear membrane breaks down, spindle starts to form.








· Metaphase:  Chromosomes line up on the spindle in the center of the cell 




· Anaphase:   Chromosomes are separated at their centromeres, spindle pulls them toward opposite poles.




· Telophase:  Chromosomes recondense, new cell wall forms between daughter cells (plant cells) or cell membrane pinches off (animal cells).




3. MATERIALS AND SOLUTIONS :

· Compound Microscope, 

· Glass slide, 

· Cover slips, 

· Filter paper, 

· Bunsen burner, 

· Petri dish, 

· Needle, 

· Forceps,

· Razor blades,

· Onion root tips,

· Acetoorceine stain ( 1%  in 45% acetic acid, boiled 5 min. and filtered),

· 1 M HCl.

MICROSCOPY HOMEWORK: Please write an assay in your own words and by giving examples from the literature to answer the following question:

How microscopes are used in transmission genetics?
A gallery of mitosis pictures by MBG210 Lab Student Ece Ergir
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Lab Session 3:

Model organisms: Drosophila melanogaster
AIMS: 

1) To become familiar with the stages of the life cycle, the sex differences and mutations of Drosophila. 
2) To learn techniques for anesthetizing, identifying, and counting Drosophila.
3) To prepare stocks for Drosophila mutants
INTRODUCTION

Drosophila melanogaster, commonly known as fruit fly or vinegar fly, has been used for genetics and developmental studies since 1909. It is mainly used to demonstrate the classical Mendelian laws. The fruit fly is especially well suited to experimental crosses in the classroom laboratory. Because;

· It has a relatively short generation time which is around 2 weeks at 25°C;

· It is small in size allowing easy handling and requiring small space;

· Of appropriate size for observing phenotype under dissecting microscope ;

· Of easy breeding in the lab environment;

· Large number of offspring is obtained from the crosses, increasing the accuracy in statistical studies;

· There are many different strains of it;

· It is cheap to maintain it in lab environment;

· Too much is known about it and its entire genome is sequenced and also its genome is relatively small for an animal;

· Its embryo grows outside the body and can easily be studied at every stage of development. 

LIFE CYCLE


Ovulation of a female starts on the second day it emerges and increases for about a week; and the female continues to lay 50-75 eggs per day till it dies. Sperm are stored by the female to facilitate the fertilization of many eggs so it is critical to isolate the virgin flies to be sure about the performed cross.

Development starts immediately after fertilization and shows a pattern of complete metamorphosis. There are two periods in the life cycle of Drosophila melanogaster; embryonic and post-embryonic: 

· Embryonic period is the time period from fertilization to hatching.
· Post-embryonic consists of three different stages, namely; larva (the feeding form), pupa (the stationary form) and the adult (sexually active form). Other than the formation of sex cells there is no further development in the adult form. 

Please refer to the Figure I.

The adult Drosophila female starts to deposit eggs on the second day after emergence. Embryonic development of the egg takes about one day at 25°C. 

The egg is a small, white and oblong object with a pair of anterior filaments. After one or two days the white, segmented and wormlike larvae emerge from the eggs and begin to burrow into the medium. The larval stage has three subdivisions called instars. The first and second instars stages end in molting (periodical sheding of the skin), which allows the larva to grow. The third instar ends with pupation. Prior to pupation, the animal stops feeding and crawls to some relatively dry surface and the cuticle hardens and darkens to form the puparium. 
Metamorphosis occurs in the puparium and takes about four days. The pupa begins to darken just prior to the emergence of the adult fly. Most flies eclose (emerge) from the pupa in the early morning hours.

The overall life cycle is 10-14 days at 25°C.
The adult flies can survive and stay fertile for 1 month if kept under good culture conditions and optimal temperature. Drosophila cultures should not be exposed to high temperatures (e.g.. above 30°C), which results in sterilization or death of the flies and not to low temperatures (e.g. below 10 C), which results in a prolonged life cycle (perhaps 57 days) and reduced viability. 
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Figure I : Different stages of Drosophila melanogaster
GENETIC CHARACTERISTICS

Drosophila melanogaster consists of 3 pairs of autosomal and a pair of sex chromosomes, indeed 2n=8. Females have two rod shaped X chromosomes while male has one rod shaped X chromosome and a Y chromosome. The sex determinance is dependent on the ratio of X chromosome.

SECURING VIRGIN FEMALES

Since the female flies have the ability of storing the sperms it is important to collect virgin flies for the cross studies in order to be sure that the desired male gives its sperms to the female. For that purpose; first of all the stock bottle is completely emptied and the adults are separated according to their sex in between 8 hours within which the flies are not mature enough to mate.

SEXING FLIES

It is essential to distinguish the males from the females. With practice this becomes relatively easy even without any magnification; however use of dissection microscope is encouraged.  There are several ways of distinguishing the males from the females (Observe Figure II):

· There are sex combs on the front legs of the male but they do not appear on the front legs of the female. This characteristic is present even in the pupa. 

· In older flies the posterior part of the abdomen is quite dark in males and considerably lighter in females. 

· The tip of the abdomen is more rounded in males than in females. 

· In general the male is smaller than the female. 

NOTE: Use a paint brush for moving flies around in order not to damage the flies. 
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Figure II: Sex differentiation in Drosophila melanogaster

CULTURE MEDIUM 


Preparation of the Stocks

We will use commercially available Drosophila Medium. It is essential to use clean vials and plugs as mites and fungus infections can wipe out the Drosophila and cause lethality and to start everything from the beginning. Mix a cup of medium and distilled water in the bottom of a vial trying to keep the sides relatively clean. Sprinkle a few (4-5) grains of dry yeast on the medium. After about 1 minute flies can be introduced into the vial. Always place anesthetized flies on the side of the vial and leave the vial on its side until they awaken. Anesthetized flies can become stuck in the medium and die if the medium is not tough enough. Be sure to label the vial with the genotypic information (stock name; or cross name), the date, and your group number. 

ANAESTHETIZING FLIES

We will use a chemical called FlyNap in order to anaesthetize the flies. Don’t let the flies in the anaesthetic medium too long since it may have drawbacks like sterilization and death. Remove them from the environment just after they lose their ability to move.
MUTANTS

There are various mutant forms of Drosophila melanogaster. During the MBG-Genetics Lab sessions we will deal with Oregon (wild-type), white and vestigial mutants. The gene white is named as white after the mutation that causes white eye formation. So it is a bit confirming that wild type red color is white gene positive which is indicated as w+ while the mutant type white color is indicated as w-.  Vestigial indicates vestigial wings and has two alleles vg+ and vg

PROCEDURE

1) Observe different stages of the fly while they are in the bottle. Put your culture vial (leave the plug in place so flies don’t escape) containing larvae and pupae and adults under a dissecting microscope. Record your observations about different stages of the larvae and pupae, and draw pictures of them.

Larvae: You should see three different sizes of larvae, representing the three larval instars. The first two instars should be found burrowing through the medium. A late third instar will be climbing up, away from the food, getting ready to pupate.  Notice that as the larva feeds, itextends a pair of mouth hooks that bring food to the mouth. Look for whether the larvae have eyes or not.  

Pupae: When the third instar larva is ready to pupate, it leaves the medium, its anterior spiracles evert, its body shortens and ceases to move, and it attaches to a firm substrate (such as the side of your bottle). The cuticle then transforms into a puparium, which is initially soft and white but soon hardens, turning tan and eventually brown and brittle. Shortly after the puparium forms, the larva detaches from the inside of the puparium by molting a fourth time. Metamorphosis then takes place. Look at the sides of a culture bottle to see the white-to-brown pupal cases stuck to the side of the glass; count the number of the pupae on the sides of the vial. 

2) Observe the transfer of flies from the culture medium to an empty vial (bottle). 

! Do not forget the flies are positively phototrophic and negatively geotropic.

3) Observe how to anaesthetize the flies using FlyNap in the empty bottle.
! Note how we anaesthetize them and for how long.

4) Observe adult flies and mutants in terms of their phenotypes. You will be given a collection flies (males and females) from a wild type and a mutant strain. Under the microscope try to differentiate between:

a) different sexes: By examining male and female characteristics (see the text for the dimorphic characteristics listed), be sure to identify male and females accurately under the dissecting scope.  Count the number of males and females among the flies given to you; and record the number.

b) phenotypic characters: locate the head, thorax, and abdomen on the adults.  Locate the foreleg, middle leg, hind leg, haltere on the throrax and abdomen.  Compare the wing size and shape between the males and females, and record your findings. On the head, locate the compound eyes and identify the eye color.  Look for the antennae and record the shape of the antennae.   Notice the bristles on the body and count the bristles on the 4th and 5th abdominal segments for at least 3 flies.  Do each fly has the same number of bristles?

c) mutants:  Compare the wild type and mutants in terms of the characters described in (b).  

! Always use the paint brushes to touch the flies !

5) Prepare a stock vial for one of the Drosophila strains given to you as described in the section named Culture Medium: Preparing Stocks
HOMEWORK (search the web or research articles for the answers):

1. What is the function(s) of the bristles in Drosophila?  

2. Do bristle numbers vary within and between populations? If so, how?

3. Describe one of the genes whose mutation can result in changes in bristle number or morphology in Drosophila.  

4. On what chromosome is the eye color gene, white, located?

5. What is the function of the white locus?  How many alleles of this locus have been described so far?

Lab Session 4:

Model organisms: C. elegans 

AIMS: 

4) To become familiar with the developmental stages of the wild-type strain of C. elegans.

5) Extract DNA from a single worm

INTRODUCTION: 

Caenorhabditis elegans, a soil nematode, has become an excellent model organism for developmental and behavioral genetics because of its rapid (3-day) life cycle, transparency of the embryos and larvae, its small size (1.5-mm-long adult), and ease of laboratory cultivation.  Each hermophrodite can produce up to 350 offspring. C. elegans has a small genome (only 20 times that of E. coli) coding for more than 19.000 genes. It is anatomically simple (>1000 cells), including the 302-cell hermaphrodite nervous system. 

Worm Lifecycle:
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 http://www.nyu.edu/classes/hubbard/WormManualPart1.html
When the worm is at L1 stage, it only has about 558 cells, whereas adult hermophrodites have 959 cells.  The L4 larva can be identified by the presence of a clear patch around the developing vulva (the opening through which eggs are laid). The mature adult emerges from L4 and remains fertile for 4 days. The lifespan of wild-type worms is about 20 days. When environmental conditions are adverse (low food, high temperature, etc.), the worms may take an alternative developmental pathway at the L2/L3 molt to produce the dauer larva. The dauer larva does not feed, is resistant to desiccation, and can survive for at least three months without further development.  Dauer larva resumes development and becomes and adult if conditions get better. 

Growth conditions: C. elegans can be grown on agar plates called NGM (nematode growth medium) with OP50, an E. coli strain.  Individual animals are conveniently observed with a dissecting microscope and easily manipulated with a platinum wire pick using sterile technique.  Mutants could be obtained following chemical mutagenesis, exposure to ionizing radiation or by the presence of mutated genes that increase the rate of other mutations (e.g., NL917 strain, mutated gene is mut-7). 

Reproduction: C. elegans commonly occurs as an hermophrodite producing both sperm and eggs.  The hermaphrodite first makes about 200 sperm in its gonads, stored in the spermatheca. It then switches to making eggs, which pass through the spermatheca and gets fertilized on the way to the vulva. Naturally, the male form of C. elegans represents only 0.2% of the normal population. Hermaphrodites have two copies of the X chromosome (XX) whereas males have only one (XO). Spontaneous males are generated from time to time in a hermaphrodite population due to non-disjunction. The rate of non-disjunction can be increased by heat-shock or by certain mutations (such as him mutants) to increase the frequency of males in an otherwise all-hermaphrodite population. 

The males and hermaphrodites are anatomically different, particulary at the tail section (see figure below).  Hermaphrodites have tails that come to a point (called a "tail whip"). In the adult male, the tail is specialized into an elaborate mating structure. This structure contains sensory structures (rays) within a broad fan.
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Developmental staging:  Vulva, placed in the center of the ventral side of the worm, can be used to stage different molts and adults of the hermophrodites. The vulvas of L4 hermaphrodites are covered with a layer of cuticle, thus ensuring their virginity. L4 hermaphrodites are used for setting up crosses.  The vulva of L4 develops around halfway between the head and tail; during this stage the developing vulva appears as a black spot inside a larger semi-circular or crescent-shaped white area. 

Size of the larvae can be used to stage them from L1 to L4. Adults are larger than L4s, and contain embryos. Males are thinner and a bit smaller in the L4 and adult stages than are hermaphrodites. As a result, L3 hermaphrodites can be mistaken for L4 males in the beginning. It is imperative that you do not mistake an L3 hermaphrodite for an L4 male. It is very difficult to tell the difference between males and hermaphrodites before the L4 stage. 

EXPERIMENTAL SET-UP:

You should be very familiar with the developmental stages, morphology and behavior of the worms; and this requires time.  A starting point will be to first observe your N2 wild-type strain, thus you have an idea about what the wild-type worms look like and their developmental stages.  

N2: Genotype is [C. elegans wild type, DR subclone of CB original (Tc1 pattern I)]. C. elegans var Bristol. Self-fertilizing hermaphrodite. Generation time is about 3.5 days at 20C. Male stock maintained by mating. Isolated from mushroom compost near Bristol, England by L.N. Staniland. Cultured by W.L. Nicholas, identified to genus by Gunther Osche and species by Victor Nigon; subsequently cultured by C.E. Dougherty. Given to Sydney Brenner ca. 1966. Subcultured by Don Riddle in 1973. Caenorhabditis elegans wild isolate. Generation time is about 3 days. Brood size is about 350.  

1. LARVAL STAGES: Examine the phenotypic (morphological and behavioral) characteristics at each developmental stage (L1, L2, L3, L4, and adults).
2. ANALYSIS OF THE EMBRYONIC DEVELOPMENT:  Pick a few adult hermaphrodites and place them on the agar pad on a drop of bleach.  After a few minutes, the embryos will be exposed; count the embryos and stage their development under the microscope; record your observations on the table below:

	Number of embryos at different stages
	2-cell
	4-cell
	8-cell
	16-cell or >

	Individual 1
	
	
	
	

	Individual 2
	
	
	
	

	Individual 3
	
	
	
	


3. DNA EXTRACTION FROM A SINGLE WORM:  

Before going on with the detailed phenotypic screening of the mutants, you will first start extracting DNA from the available strains.  Each group will pick 1-2 worms from one of the available strains (N2, or AV38 males or AV38 females or NL917, or CB1375 or GR1032, age-1 homozygotes or GR1032, dpy-unc).  You will be given the following materials and reagents for the extraction process.  

Reagents:

	Buffer 
	1 X PCR buffer (see below for 10X PCR buffer)

	Proteinase K: 
	20 mg/ml 

	10X PCR Buffer: 
	100 mM Tris, 500 mM KCl, 15 mM MgCl2 pH 8.3


Procedure:

1) Lysis buffer will be provided as already prepared by addition of the proteinase K to 1 X PCR buffer  (Lysis buffer: 95 ul 1 X PCR buffer + 5 ul 20mg/ml proteinase K) 

2) Place 5 ul of 1 X PCR in 200 ul PCR tube (if you use more than 1 worm use 10ul instead) 

3) Pick single worm into lysis buffer. 

4) Immediately (don't let sit too long in lysis buffer) spin down to bottom of tube by spinning in microfuge 15 seconds @ 14,000 rpm or just flick down. 

5) Freeze tube in Liquid Nitrogen at least 10min. 

6) Lysis of worm and release of genomic DNA 

7) Heat the tube to 65 degrees for 60 minutes.

8) Inactivate the proteinase K by heating to 95 degrees for 15 minutes.  

9) Pipette sample up and down to mix.

10) Store your worm DNA at -80C until later use.

Lab Session 5:

Model organisms: C. elegans mutants
AIMS: 

6) To become familiar with different mutants of C. elegans in terms of their morphology and behavior

7) Study dauer-defective mutants

INTRODUCTION
1.  PHENOTYPIC SCREENING OF C. elegans MUTANTS:

Wild-type and mutant strains to be used:

N2: Genotype is [C. elegans wild type, DR subclone of CB original (Tc1 pattern I)]. C. elegans var Bristol. Self-fertilizing hermaphrodite. Generation time is about 3.5 days at 20C. Male stock maintained by mating. Isolated from mushroom compost near Bristol, England by L.N. Staniland. Cultured by W.L. Nicholas, identified to genus by Gunther Osche and species by Victor Nigon; subsequently cultured by C.E. Dougherty. Given to Sydney Brenner ca. 1966. Subcultured by Don Riddle in 1973. Caenorhabditis elegans wild isolate. Generation time is about 3 days. Brood size is about 350.  

AV38: Genotype is [mnDp66 (X;I); meDf2 X].  This indicates that there is a rearrangement of the chromosomes. Produces 31% XO male self progeny; nondisjunction is correlated with a high frequency of achiasmate X chromosomes in oocyte nuclei, and a reduced frequency of X chromosome crossovers. meDf2 disrupts the function of the cis-acting X chromosome meiotic pairing center due to a deletion. meDf2/+ heterozygotes produce 4-6% XO progeny, so the presence of the Df can be followed in heterozygotes by following this weak Him phenotype.

CB1375: Genotype is [daf-18(e1375)IV]. Dauer defective. Non-crowder. Chemotaxis normal.  daf-18 (DAuer deFective) encodes a lipid phosphatase homologous to the human PTEN tumor suppresor (OMIM:601728, mutated in Cowden disease and several cancers); DAF-18 negatively regulates insulin-like signaling mediated by DAF-2/IR and AGE-1/PI3K and thus plays a role in metabolism, development, and longevity; based on sequence and genetic analysis, DAF-18 is predicted to dephosphorylate AGE-1-generated PIP3 in order to limit activation of the downstream AKT-1 and AKT-2 kinases that negatively regulate DAF-16.  

NL917: Genotype is [mut-7(pk204)III]. Mutator strain. Throws males. See WBG 14(2): 24. Strain has a temperature sensitive phenotype: dies out at 25C, grows at 20C, but best kept at 18-20C. Not known whether it is the mut-7 allele that is temperature sensitive or something else. mut-7 (MUTator: mutator strain) encodes a homolog of RnaseD that represses transposition of Tc1, Tc3, Tc4, and Tc5, perhaps by degrading transposon-specific messages; also affects sperm development, sensitivity to RNAi of mainly germline expressed genes, silencing of some germline transgenes, X chromosome loss, and is required for co-suppression (functional silencing of chromosomal loci induced by transgenes) and for silencing induced by antisense RNA oligomers.

GR1032: Genotype is [age-1(mg44)/mnC1 dpy-10(e128) unc-52(e444)II].  Heterozygotes are WT and segregate WT and DpyUnc. age-1(mg44) homozygotes from heterozygous mothers are WT and segregate only dauers at all temperatures. mg44 pka daf-23(mg44).  Age-1 (AGEing alteration) gene codes for a phosphatidylinositol 3-kinase catalytic subunit (p110).  Dpy-10 (DumPY : shorter than wild-type) codes for a cuticle collagen protein that afffects body morphology and movement and genetically interacts with the sqt-1 collagen gene. The unc-52 (UNCoordinated) gene encodes perlecan, a protein orthologous to human basement membrane-specific heparan sulfate proteoglycan core protein (HSPG2; OMIM:142461, which when mutated leads to Schwartz-Jampel syndrome or dyssegmental dysplasia); UNC-52 plays essential roles in muscle structure development and regulation of growth factor-like signaling pathways; UNC-52 is synthesized by the hypodermis and localizes to the extracellular matrix between hypodermis and muscle.

PROTOCOL FOR PHENOTYPIC SCREENING OF THE MUTANTS  

1) For each genotype, you will have plates of worms grown on NGM with OP50 bacteria at room temperature; each plate contains worms at all developmental stages of the given strain. Visually examine the phenotypic (morphological and behavioral) characteristics at each developmental stage (L1, L2, L3, L4, and adults) and compare it to those of the wild-type (N2) strain.  

Some phenotypic characters to look for are: 

a) Body size: the worms may be shorter or longer than the wild type

b) Movement: the worms may be unresponsive to touch, move slowly, or move in an uncoordinated manner. They may exhibit reduced or increased number of body bends when crawling, or are not able to go back (reduced number of reversal sessions).

c) Feeding: worms may have slow pharyngeal pumping (you have to observe the worms under the compound microscope to see the rate of pumping), or cannot locate the food (sensory defects).

d) Reproductive defects: more than usual number of males is observed in the culture (normally less than 1%) or low population density (this may be due to low fecundity or increased lethality).

2) Analyze individual worms under the compound microscope, take digital photos of your specimens (all stages, each up to 3 individuals), and use these photos to compare the morphology of the different strains. 

3) After analyzing the worms under the microscopes, record your findings for the following morphological and behavioral characteristics:







Strains

	
	Phenotype
	N2
	Mutant1
	Mutant2
	Mutant3
	Mutant4

	1
	Body size
	
	
	
	
	

	2
	Movement
	
	
	
	
	

	3
	Feeding
	
	
	
	
	

	4
	Reproductive
	
	
	
	
	

	5
	Other
	
	
	
	
	


CONCLUSIONS:  

Discuss your findings in terms of the differences between the strains (each mutant vs. wild type).  In your discussion, use information from the literature about the mutant genes, and explain why these mutations might have resulted in the phenotype you have observed.

2.  ANALYSIS OF DAUER LARVAE:

C. elegans larvae go into a dauer (enduring) stage when environmental conditions are unfavorable for reproduction. When food is abundant, the larva develops through four larval stages (L1 through L4), and to an adult. Development may be arrested at the second molt and dauer L3 larva is formed.  Dauer larvae do not feed; can survive 4 to 8 times longer (normally C. elegans live only 2 weeks). When conditions become favorable, larva begins to feed and becomes an adult. Larvae detect two environmental signals simultaneously, a dauer pheromone signal and a food signal; a high ratio of pheromone to food signals dauer formation. In addition, at high temperatures, the dauer formation is favored.

Metabolism: Non-dauers increase tricarboxylic acid cycle, such that ingested nutrients are deployed to reproductive system. At 25°C, it takes about 30 hours for an L1 larva to start laying eggs. If the food supply is low, L2 larva slows its development and accumulates fat in the intestines to prepare for becoming a dauer.  Dauer larvae have reduced TCA cycle activity but can metabolize glycogen better. Dauer also larvae have reduced transcriptional activity in general, however, they have high expression of some transcripts, such as Hsp90 (heat shock protein).

Morphology: Dauer larvae are thin and dense due to shrinkage of the hypodermis; and are resistant to detergent treatment about 1 hour after radial shrinkage of the body. The dauer cuticle has lateral ridges (alae) not present on L2, L3, or L4 larvae. Pharyngeal pumping also is suppressed; the lumen of the intestine is shrunken and several sensory neurons exhibit altered position or dendrite orientation.

Behavior: On an agar surface, dauer larvae tend to lie motionless unless disturbed, but move rapidly in response to touch.  Nictation is a dauer-specific behavior in which the larva mounts a projection and stands on its tail, waving its head in the air. Dauer larvae seek novel temperatures and more thermotolerant when exposed to 37°C.  

Recovery: Dauer larvae respond to reduced pheromone levels and increased food by initiating recovery. Once they begin pharyngeal pumping, they become more responsive to a chemical attractant in an orientation assay. When wild-type dauer larvae from starved cultures are put in fresh food, they become developmentally committed to recovery from the dauer state in 50-60 minutes.  30 minutes after exposure to food, the dauer surface starts to accept lipid probes, and within 3 hours, they larvae begin pharyngeal pumping and then molt to the L4 (PD2) stage after approximately 10 hours at 25°C. 

Mutants: Mutations in daf (dauer formation) genes result either in the inability to form dauer larvae in response to crowding and starvation (dauer-defective, or Daf-d) or in the formation of dauer larvae at favorable conditions (dauer-constitutive, or Daf-c). Temperature-sensitive dauer-constitutive mutants form dauer larvae at high frequency only at restrictive temperatures, and if such larvae are shifted to permissive temperatures, they exit from the dauer stage and resume growth.  

(a) Daf-c mutants: Constitutively formed dauer daf-23 (now called age-1) and daf-2 mutants arrest development at all temperatures.  Heterozygous siblings can be used to propagate the mutant.  Most Daf-c mutants are recessive; some Daf-c mutants are maternally rescued (all progeny of a daf/+ heterozygote grow to the adult at 25°C, but the Daf-c homozygotes produce all Daf-c progeny at the same temperature). The maternal-effect is complete for age-1. 

(b) Daf-d: Daf-d mutants also are recessive, as judged from their recessive suppression of Daf-c mutants. An exception is the weakly semi-dominant suppression of daf-2 and age-1 by daf-16 mutations. About half of the mutants selected by their dauer-defective phenotype also exhibit sensory defects involving chemotaxis, male mating, or osmotic avoidance. 

Genetic Pathways: Daf-12 encodes a nuclear hormone receptor that is required for wild-type or daf-c animals to form dauer larvae. Age-1 (daf-23) encodes a phosphatidylinositol-3-OH (PI3) kinase catalytic subunit of the class that is activated in tyrosine kinase signaling pathways. Daf-2: …

When pheromone levels are high, DAF-12 is active, DAF-2 is inactive, and dauer larvae form. When pheromone levels are low, DAF-12 is inactive, DAF-2 is active, and nondauer development ensues. daf-c mutations in age-1 and daf-2, but not other daf-c genes, double adult longevity and decrease sensitivity to UV irradiation. All three phenotypes are suppressed by a mutation in daf-16. One hypothesis is that daf-2 mutants express genes for efficient life maintenance in the adult that are normally only expressed in the dauer stage, and certain daf-12 alleles enhance this expression when combined with daf-2 mutations. 

	Other

Daf genes
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Analysis of the Dauer-Defective Phenotype:  For each genotype, you will be given a plate of progeny from a single hermophodite, grown 5 days at which they depleted the food source and are in a starved and overcrowded condition.  Treat the plate with 3 ml of 1% SDS and visually inspect for the presence of the live dauers after 30-60 minutes.  Dauers are resistant to the SDS treatment and should stay alive.  Record the number of larvae dead or alive, in each plate in the table below:

	Genotype
	N2 (wild type)
	Mutant-1
	Mutant-2

	# of larvae dead (d)
	
	
	

	# of larvae alive (a)
	
	
	

	Total larvae (t)
	
	
	

	% Dauer (a/t)
	
	
	


DATA ANALYSIS:

Collect the data obtained by other groups and fill-in the table below.  





% Dauer

	Genotype
	N2
	Mutant1
	Mutant2

	Your group
	
	
	

	Group 2
	
	
	

	Group 3
	
	
	

	Group 4
	
	
	

	Group 5
	
	
	

	Group 6
	
	
	

	Group 7
	
	
	


Calculate the average (mean value) brood size and average % Dauer, as well as standard deviation values associated with each data point using Excel program. Fill-in the table below and draw a graph of these data.

CONCLUSIONS:  Discuss your findings in terms of the differences between the strains (each mutant vs. wild type, daf-16 vs. daf-18) for the two experimental variables you have collected and analyzed data about. In your discussion, use information from the literature about daf-16 and daf-18, and explain why mutations in these two genes result in the phenotype you have observed.

Lab Session 6:

Comparative Gene Expression Lab-A
AIM: To learn about the theoretical and practical aspects of cDNA synthesis from total RNA using tissues (brain, eye, and fin) from different fish species (See Table 1).

INTRODUCTION: PART A

Gene expression studies can be used for

a) identifying differentially expressed genes among different tissues of a species;

b) discovering novel species-specific genes;  

c) studying the cDNA sequence divergence between species and construct phylogenetic trees.

In this exercise, you will be comparing the gene expression profiles of different fish species using degenerate primers (READ THE FOLLOWING LINK FOR INFORMATION ABOUT DEGENERATE PCR: http://boneslab.chembio.ntnu.no/DegPCRshortguide.html).  Each group will be given an unknown RNA sample extracted from a tissue of one of the species mentioned in the Table 1.  Upon cDNA extraction (Part A) and PCR amplification (Part B), you will be able to compare your sample’s expression profile with those profiles obtained by other groups in the lab.  Finally, you will try to assess the reproducibility and predictive power of the degenerate primer used in this study for correctly identifying the species your RNA sample belongs to. 

cDNA synthesis: cDNA (Copy-DNA or complementary DNA) results from the synthesis of DNA on messenger-RNA ( mRNA) . While the genes in the DNA of higher organisms mostly contain non-translated inserts (so-called introns), these parts are not found in the cDNA. They are removed after transcription duplicated the DNA into mRNA . Reverse transcriptase is used as an enzyme in cDNA synthesis. It functions as an RNA-dependent DNA polymerase (copy RNA into DNA). Reverse transcriptases are naturally encoded by retroviruses, where they copy the viral RNA genome into DNA prior to the integration into host cells. First strand cDNA synthesis by reverse transcriptase is usually initiated by mixing short (12-18 base) polymers of thymidine (oligo dT) with messenger RNA such that they anneal to the RNA's polyadenylate tail. Reverse transcriptase is then added and uses the oligo dT as a primer to synthesize so-called first-strand cDNA. In the following link you will find information about cDNA synthesis process (you can skip the details about cDNA library construction and cloning):
http://dwb.unl.edu/Teacher/NSF/C08/C08Links/www.dur.ac.uk/~dbl0www/Staff/Croy/cDNAfigs.htm
Fish species to be used:  Given the mechanism of natural selection, every fish population can be conceived as being a potential new species (www.fishbase.org).  Populations become isolated from others long enough for their members to lose the ability to mate with those of other populations (no gene flow). Species are the basic rank of biological nomenclature; Linnaeus proposed that the species is defined by a unique genus name, always starting with a capital letter, and a species epithet, which is never capitalized; written in italics, and the person who first described the species, e.g., Salmo trutta Linnaeus, 1758; or who reclassified it, Oncorhynchus mykiss (Walbaum, 1792) are given.  Table 1 lists the names, classification, morphological, and biological characteristics of the fish species you will be using in this experiment.

Table 1.  List of the fish species

	Fish Name
	Description

	


Pamphorichthys  minor  (Garman, 1895)    

Family:    Poeciliidae (Poeciliids) 
	Order:   Cyprinodontiformes  (rivulines, killifishes and live bearers)  

Class:   Actinopterygii (ray-finned fishes)  

FishBase name:  Mini-molly 

Max. size:   1.0 cm TL (male/unsexed; Ref. 26130); 2.5 cm (female) 

Environment:   pelagic; freshwater  

Climate:  tropical; 23 - 28°C 

Distribution:   Amazonas Basin in Villa Bella, Mato Grosso, Brazil.  

	


Pterophyllum  scalare  (Lichtenstein, 1823)    

Family:    Cichlidae (Cichlids)
	Order:   Perciformes  (perch-likes)  

Class:   Actinopterygii (ray-finned fishes)  

FishBase name:  Freshwater angelfish 

Max. size:   7.5 cm SL (male/unsexed; Ref. 36377) 

Environment:   benthopelagic; freshwater

Climate:  tropical; 24 - 30°C; 6°N - 10°S, 78°W - 51°W 

Distribution:   Amazon River basin, in Peru, Colombia, and Brazil 

Morphology:   Body compressed and disc-shaped; dorsal and anal spiny rays increasing in length from anterior to posterior part of the fin.

Biology:   Inhabit swamps or flooded grounds where the aquatic and riverine vegetation are dense and the water is either clear or silty. 

	


Gymnocorymbus  ternetzi  (Boulenger, 1895)    

Family:    Characidae (Characins) 
	Order:   Characiformes  (characins)  

Class:   Actinopterygii (ray-finned fishes)  

FishBase name:  Black tetra 

Max. size:   6.0 cm TL (male/unsexed; Ref. 7020) 

Environment:   pelagic; freshwater

Climate:  subtropical; 20 - 26°C; 11°S - 30°S, 64°W - 48°W 

Distribution:   Paraguay and Guaporé River basins.  

Biology:   Occurs in the middle and upper water layers. Feeds on worms, small crustaceans and insects. 

	


Xiphophorus  hellerii  Heckel, 1848    

Family:    Poeciliidae (Poeciliids) , subfamily: Poeciliinae  picture (Xihel_u2.jpg) by Marshall, P.
	Order:   Cyprinodontiformes  (rivulines, killifishes and live bearers)  

Class:   Actinopterygii (ray-finned fishes)  

FishBase name:  Green swordtail 

Max. size:   14.0 cm TL (male/unsexed; Ref. 26130); 16.0 cm TL (female) 

Environment:   benthopelagic; non-migratory; freshwater; brackish

Climate:  tropical; 22 - 28°C; 12°N - 26°N 

Distribution:   Rio Nantla, Veracruz in Mexico to northwestern Honduras. Morphology:   Body elongated; head pointed. There are many color forms due to the very extensive natural habitats. 

Biology:   Found mainly in rapidly flowing streams and rivers, preferring heavily vegetated habitats.  Occurs in warm springs and their effluents, weedy canals and ponds. Feeds on worms, crustaceans, insects and plant matter. Used for genetics research. 

	


Danio  rerio  (Hamilton, 1822)    

Family:    Cyprinidae (Minnows or carps)  picture (Darer_u1.jpg) by JJPhoto
	Order:   Cypriniformes  (carps)  

Class:   Actinopterygii (ray-finned fishes)  

FishBase name:  Zebra danio 

Max. size:   6.0 cm TL (male/unsexed; Ref. 1672) 

Environment:   benthopelagic; freshwater; 

Climate:  tropical; 18 - 24°C; 33°N - 8°N, 66°E - 98°E 

Distribution:   Pakistan, India, Bangladesh, Nepal and Myanmar Morphology:   Vertebrae: 31-32. Five uniformly, pigmented, horizontal stripes on the side of the body; all extending onto the end of caudal fin rays. Anal fin striped. Lateral line absent. 

Biology:   Inhabits streams, canals, ditches, ponds and beels. Occurs in slow-moving to stagnant standing water bodies, particularly rice-fields. Feeds on worms and small crustaceans.


MATERIALS AND METHODS-PART A:

Caution: 

Always wear gloves to protect yourself and to prevent contamination of your samples.

Always use pipette tips with aerosol filters for both cDNA or RNA sample, and reaction mixture preparation.

cDNA synthesis using Fermentas RevertAid First Strand cDNA Synthesis Kit

Protocol:

Total RNA already has been extracted from 3 (brain, eye, and caudal fin) different tissues of 5 different fish species using the Qiagen Rneasy Kit by Qiagen. You will be given a vial of unknown total RNA sample that belongs to one of the species listed in the Table 1.  

Important: First calculate how many (l of total RNA you will need, based on the RNA concentration of your sample; final concentration of RNA in the reaction mixture should be 0.3 (g/20 (l.  Also calculate how many (l of DEPC-treated water is needed to reach to 12 (l.

1. Prepare the following reaction mixture in a tube on ice.

Template RNA (final concentration: 0.3 (g/(l)



             ? (l

Oligo dT primer (0.5 (g/(l)                                              

             1  (l

DEPC-treated water                                                                                             ? (l
Total amount of Template RNA + dT primer + DEPC-water


12 (l
Mix gently and spin down for 3-5sec. 

2. Incubate the mixture at 70°C for 5 min, chill on ice.

3. Place the tube on ice and add the following components in the indicated order:

5x reaction buffer                                                                                         
 4 (l

RiboLock Ribonuclease inhibitor (20 unit/microlitre)                                 
 1 (l

10mM dNTP mix                                                                                         
 2 (l

Mix gently and collect drops by brief centrifugation.

4. Incubate at 37°C for 5 min.

5. Add RevertAid M-MuLV Reverse Transcriptase (200unit/(l)               
1 (l
                                                                                              Final volume       20 (l
6. Incubate the mixture at 42°C for 60min.

7. Stop the reaction by heating at 70°C for 10 min (Lab instructors will perform this step for you).

Lab Session 7:

Comparative Gene Expression Lab-B
AIM: To amplify cDNA made from multiple tissues of different species using degenerate primers, to assess the reproducibility of the amplification procedure, and to compare the expression profiles between tissues and species.

INTRODUCTION-PART B:

RT-PCR (Reverse Transcriptase Polymerase Reaction) is a sensitive method for the detection and analysis of mRNA transcripts or other RNAs. RNA cannot serve as a template for PCR, so it must first be reverse transcribed into cDNA. For this reason, reverse transcription (RT) is coupled with PCR amplification of the resulting cDNA (see Part A). 
Polymerase Chain Reaction (PCR): The polymerase chain reaction is a test tube system for DNA replication that allows a "target" DNA sequence (in this case, it is a cDNA; first strand cDNA can serve as a template in the PCR reaction) to be selectively amplified several million-fold in just a few hours. Within a dividing cell, DNA replication involves a series of enzyme-mediated reactions, whose end result is a faithful copy of the entire genome. Within a test tube, PCR uses just one indispensable enzyme - DNA polymerase - to amplify a specific fraction of the genome. 

There are three major steps in a PCR, which are repeated for 30 or 40 cycles. 

· Denaturation at 94°C : During the denaturation, the double strand melts open to single stranded DNA, all enzymatic reactions stop (for example: the extension from a previous cycle). 

· Annealing at 50-65°C : Ionic bonds are constantly formed and broken between the single stranded primer and the single stranded template. The more stable bonds last a little bit longer (primers that fit exactly) and on that little piece of double stranded DNA (template and primer), the polymerase can attach and starting copying the template. Once there are a few bases built in, the ionic bond is so strong between the template and the primer that it does not break anymore.

· Extension at 72°C : This is the ideal working temperature for the polymerase. The primers, where there are a few bases built in, already have a stronger ionic attraction to the template than the forces breaking these attractions. Primers that are on positions with no exact match, get loose again (because of the higher temperature) and don't give an extension of the fragment. 
The bases (complementary to the template) are coupled to the primer on the 3' side (the polymerase adds dNTP's from 5' to 3', reading the template from 3' to 5' side, bases are added complementary to the template) 

Selection of Primers: Efficiency and sensitivity of PCR largely depend on the efficiency of primers. The ability for an oligonucleotide to serve as a primer for PCR is dependent on a) the kinetics of primer-template duplexes at the annealing and extension temperatures; b) duplex stability of mismatched nucleotides and their location; and c) the efficiency with which the polymerase can recognize and extend a mismatched duplex.  The primers which are unique for the target sequence to be amplified should fulfill certain criteria such as primer length, GC%, annealing and melting temperature, 5' end stability, 3' end specificity (http://faculty.fullerton.edu/rmc89/bioinformatics/PCR_PrimerDesign.htm). Primers of typically 17-34 nucleotides in length are appropriate whereas primers less than 16 nucleotides in length are not generally specific. GC% is an important characteristic of DNA and provides information about the strength of annealing. A GC of 50-60% is recommended. Melting temperature (Tm) can be calculated as: Tm = 4 (G+C) + 2(A+T).  Runs (3 or more) of C's or G's at the 3' end of the primer should be avoided as G + C rich sequence leads to mispriming.  Complementarity at the 3' end of the primer elevates mispriming as this promotes the formation of a primer dimer artifact and reduces the yield of the desired product.  PCR is generally performed at high temperature (>50°C) unless one tries to amplify homologous but divergent sequences. Primers may be extended non-specifically prior to thermal cycling if the sample is completely mixed at room temperature (RT).

Degenerate primers: In case of pursuing the cloning of novel genes, such that only a partial sequence is known or to perform cross species amplification, redundancy of the genetic code becomes useful.  Degenerate primers based on the amino acid sequence of conserved regions are also used to search for members of a gene family and related viruses.  Degenerate primers include variable nucleotides (e.g., any nucleotide, A or T or C or G) at certain locations while the identities of the nucleotides at other locations remain unique.  Therefore, the primer mixture contains multiple oligonucleotide sequences with combinations of all possible variable nucleotides and the unique nucleotides.
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Because both strands are copied during PCR, there is an exponential increase of the number of copies of the gene. Suppose there is only one copy of the wanted gene before the cycling starts, after one cycle, there will be 2 copies, after two cycles, there will be 4 copies, three cycles will result in 8 copies and so on. 
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The exponential amplification of the gene in PCR. 
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Example: Verification of the PCR product on gel. 

The ladder is a mixture of fragments with known size to compare with the PCR fragments. Notice that the distance between the different fragments of the ladder is logarithmic.Lane 1 : PCR fragment is approximately 1850 bases long. Lane 2 and 4 : the fragments are approximately 800 bases long. Lane 3 : no product is formed, so the PCR failed. Lane 5 : multiple bands are formed because one of the primers fits on different places. 

AIM-PART B:

In this experiment, we are using a denenerage primer named ABC-3.  The sequence of the primer is as follows:

5’- GGYCCYAGYGGYAGYGGYA- 3’

where A = adenine, G = guanine, C = cytosine, T = thymine, Y = A or T or C or G

For target specific PCR (to amplify a single band specific to a locus), one uses highly specific and unique forward 5’( 3’ and reverse 3 ( 5’ primers.  In our case, however, we are using the same degenerate primer, ABC-3, for annealing to either strand.  Since ABC-3 is highly degenerate and is likely to find multiple complementary sequences to bind to, we expect that PCR using ABC-3 will lead to amplification of multiple bands.  The aim of the present experiment is to test 

a) the ability of the ABC-3 primer to reproducibly result in the amplification of a set of sequences from each cDNA sample; 

b) whether there is a tissue-specific expression of one or more sequences from the same fish species; and

c) whether the pattern of amplification (bands on the gel) from different species of fish is distinct and thus could be used to identify that fish species from the others (i.e., Fingerprinting by using ABC-3 for species diagnosis).

MATERIALS AND METHODS-PART C:

Caution: 

Always wear gloves to protect yourself and to prevent contamination of your samples.

Always use pipette tips with aerosol filters for both cDNA or DNA sample, and reaction mixture preparation.

PROTOCOL FOR PCR:  Amplification from cDNA samples previously extracted in Part A.

Materials :

1. Sterile dd H2O

2. dNTPs (10-100micromolar) depends on the MgCl2, primer, the length of amplified product and number of the cycles

3. 10XPCR Buffer

4. MgCl2 (0.5-5.0 mM) form soluble complex with dNTPs, stimulate polymerase activity, incrase primer/template interaction

5. Primers (10-25 picmol/microlitre)

6. Enzyme (Taq polymerase) (5U/microliter)

7. cDNA

8. 1XTAE electrophoresis buffer

9. Ethidium Bromide

Methods:
A master mix is the mixture of PCR reagents, which are necessary for amplification, before the addition of the cDNA or DNA.  Once the master mix is prepared, it is distributed to the PCR tubes in which the specific sample cDNA/DNA is added afterwards.  In this experiment you will prepare a master mix enough for 3 reactions.  Two of PCR reactions will contain the master mix (23 µl) and 2 µl of your cDNA sample, and the 3rd reaction will contain only the master mix without your cDNA sample (negative control). The aim of amplifying the same cDNA twice in different tubes is to test for the reproducibility of your primers in amplifying the given cDNA in a specific and predictable pattern.  Since we are using degenerate primers that require low annealing temperatures (50 C) we expect to see multiple bands from a single amplification event.  Therefore, it is important to see that same bands can be obtained every time a PCR is made using the given primers.

1)  In order to prepare the master mix for 3 samples, calculate the total amount of reagent needed to put in the master mix and fill-in-the-table below:

MASTER MIX:

	Contents
	Amount (µl)
	# of Reactions
	Total 

	ddH2O
	17.3 µl
	
	

	10 mM dNTPs
	0.5 µl
	
	

	10X buffer 
	2.5µl
	
	

	25mM MgCl2 
	1.5µl
	
	

	ABC-3 primer
	2 µl
	
	

	Taq polymerase 
	0.2 µl
	
	


2) Take a master mix tube and label it as master mix and indicate your group number. Add the items listed in the master mix table above in the given order.

3) Take two PCR tubes and label them as duplicate 1 and duplicate 2; also indicate your cDNA sample number and your group number on them.

i. Distribute 23µl of master mix to each of the two PCR tubes;

ii. Add 2µl of cDNA sample to each tube

iii. Total volume will be 25 µl for each reaction.

4) Take another PCR tube and label it as negative control; also indicate your group number on it. 

i. For the negative control put only 25µl of master mix (no cDNA).

PCR conditions:

	94C 5 min
	Initial denaturing

	94C 30 sec

50C 30  sec     

72C 30 sec
	Denaturation, annealing, extention steps are repeated; 40 cycles

	72 C 10 min


	Final extension

	4C ∞
	Storage


Agarose Gel Electrophoresis:

Prepare 100 ml 2% agarose gel with 1X TAE buffer. 

Add 4 µl of EtBr to the gel.

Load marker (Gene Ruler 100 bp ladder plus) in the first lane

Add all the volume of the samples to each well.

Run the gel at 80 V about 60 min. 

QUESTIONS:

1) Experimentally, why is it better to prepare a master mix first and then distribute this mixture to PCR tubes rather than preparing a PCR mixture separately in each PCR tube?

2) What is the purpose of including a negative control in your experiment?
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