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Syllabus: 
Instructor: Dr. Phil Hartman;  Office: Winton Scott Hall Room 510 
Research laboratory = Winton Scott Hall Room 532-538) 
Telephone: 6176 (office); 8778 (research laboratory); 927-0063 (home) 
Email: p.hartman@tcu.edu 
Manual TCU Genetics Laboratory by Phil Hartman and Misti Caudle. 
 

A. Course Objectives in terms of student outcomes:   
As a result of this course, students will be able to: 

-Appreciate experimental methodologies that underpin the basic principles in 
genetics 
-Gain technical competence in these experimental methodologies 
-Analyze experimental data and write effective laboratory reports 
-Better multitask, as most class meetings will require students to conduct 
different parts of multiple experiments 
 

B. Topical Outline of the course: 
This is a two-hour laboratory course designed to illustrate the principles of genetics 

that you have learned in your basic genetics lecture course (Biol. 40123).  Many people 
find that actually doing genetic experiments leads to much better understanding of 
genetic principles than they were able to get from reading lecture material, and it is fun! 

In the experiments this semester you will use the basic tools of genetic analysis: 
mutation, recombination, and complementation.  Two experimental organisms will be 
used: the enteric bacteria Escherichia coli and a soil nematode Caenorhabditis elegans.  
These organisms are used because their generation times are short, and they can be easily 
grown and manipulated in the laboratory.  Detailed procedures for all the experiments are 
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provided in the manual as well as explanations of the principles and methods used in each 
type of experiment.  It will be your responsibility to prepare in advance for each 
laboratory period by reading the relevant sections of the laboratory manual.  For the 
experiments with E. coli you will work with a partner.  Experiments with C.elegans will 
be done individually, and each student will be provided with a microscope for observing 
nematodes.  All laboratory reports will be done individually.   

As detailed on the subsequent pages, the course is organized into a series of 
experiments.  The C.elegans experiments are designed to illustrate many basic principles 
of transmission genetics.  In addition, they enable students to experience the natural 
progression inherent in classical “forward” genetics, in which the standard sequence is to 
isolate a mutant, determine the chromosomal location of the mutation and finally position 
(through genetic recombination) that mutation on the chromosome.  The molecular 
experiments are designed to both develop students’ technical abilities (e.g., 
micropipetting, loading gels) and illustrate some classic microbial experiments.  Each 
experiment bears a specific designation (e.g., CE4 is an experiment involving a process 
known as complementation testing).  The specific portions of the various experiments to 
be performed on each laboratory period are given in the detailed itinerary (e.g., on Feb 
13, students will do the 6th portion of experiment CE3 and the first portion of experiment 
CE4).    

 
Detailed Itinerary: 

 
Month Date Experiments 
Jan. 13/M CE1-1= Intro lecture; view the worms; view videotape of the 

worms 
 16/R CE1-2=  initiate male stock 

 Practice picking worms + staging 
 Look at mutants (Dpy Unc and Dpy Unc) 

 20/M No class—MLK Day 
 23/R CE1-3= Reexamine mutants 

CE2-1=Autosomal vs. X-linkage 
 27/M CE2-2= Autosomal vs. X-linkage (look for X-linkage; 

transfer hets for two autosomal strains),  
CE3-1= Begin mutant hunt 

 30/R CE2-3=score progeny for linkage 
CE3-2= confirm mutant phenotype; begin linkage testing/ 
backcross mutants by crossing N2 males x  your mutant 

Feb. 3/M CE3-3=backcross -– pick het mutant hermaphrodites to 
separate plates  
linkage testing-- cross het males x 5 test strains 

 6/R CE3-4= backcross-Pick homozygous backcrossed mutant  
linkage testing-pick het hermaphrodites to separate plates 

 10/M CE3-5=Linkage testing – score for # single + double mutants 
 Mapping – pick single, linked mutants to new plate. 

 13/R CE3-6=pick 3 putative double mutants to separate plates 
CE4-1= complementation – cross unc unknowns x N2 males 
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 17/M CE3-7= Mapping – cross double mutants x N2 males  
CE3-7= Mapping – pick 2 het hermaphrodites to 2 plates 
CE4-2= complementation – cross het x3 known uncs 

 20/R CE3-8= Mapping –pick 2 hets to each of two plates 
CE4-3= complementation- score results 

  24/M CE3-9=Mapping-score progeny and calculate map distance 
CE5-1= Embryogenisis – part I 

 27/R CE5-2= Embryogenesis – part II  
CE6-1= Extract worm DNA 

March 3/M CE6-2= CE5-3 repeat, Electrophoresis – worm DNA 
CE7-1=Kill curves 

 6/R CE7-2= score kill curves 
  SPRING BREAK!!!!! 
 17/M MG7-1= UV mutagenesis (irradiate) 

OG8-1=plant corn 
 20/R MG7-2=UV mutagenesis (plate bacteria to determine 

mutation frequency) 
MG8-1= Conjugation (mating and plating) 

 24/M MG7-3= UV mutagenesis (score results; grid colonies) 
MG8-2=Conjugation-count colonies and analyze data 
MG1-1= plasmid prep 

 27/R MG7-4=UV mutagenesis (check gridded colonies) 
MG1-2= Transformation and Restriction digestion 
MG3-1=growth and concentration of bacteria 

 31/M MG1-3= Gel electrophoresis of digested pGLO 
MG2-1= Electrophoresis of λ  Hind III 
MG3-2=lysis of bacteria/ammonium sulfate precipitation 

April 3/R MG2-2= Gene clean  λHind III fragment 
MG3-3= Column chromatography – collect fractions 

 7/M MG2-3=gel electrophoresis of gel-purified fragment 
MG3-4= Column chromatography – analysis of fractions  

 10/R MG4-1= In vitro mutagenesis – digest pGLO  with NdeI 
MG5-1= Gene expression-collect fractions 

 14/M MG4-2= Gel purify “deletion” and set up ligation  
MG5-2=Gene expression-analyze samples 

 17/R MG4-3=transform “deletion” into E. coli 
MG6-1= Isolate DNA/PCR 

 21/M MG4-4= miniprep and gel electrophoresis of deletion 
MG6-2=gel electrophoresis of  PCR-amplified DNA  

 24/R OG1-1=  cytogenetics 
OG2-2= score phenotypes; calculate phenotypic ratio 

 28/M Final examination 
 
 
 



 7 

 
           
C. elegans  Experiments 
 
 

 
Experiment  CE1  Introduction 

Lab 1  view video tape  
Lab 2  practice picking worms + staging look at mutants  

   Start male stock 
Lab 3  repeat 

 
Experiment  CE2  Autosomal vs. X-linkage 

Lab 1  cross  N2?  X CB151 and CB51 
Lab 2 look for unc males; pick het hermaphrodites from the two 

autosomal mutants 
Lab 3 count Dpy’s, Unc’s and Dpy Unc’s to determine linkage 

   
 

Experiment CE3  Mutant Hunt - Linkage Testing  -?  Mapping  
           Lab 1 scan mutagenized plates for visible mutants + transfer 3 mutants to 

separate plates 
Lab 2  confirm phenotypes of mutants 

Cross N2 males X mutant for backcrossing and linkage testing 
Lab 3  Backcrossing – transfer 2 het hermaphrodites to new plate 

Linkage testing – cross heterozygous males X 5 test strains 
Lab 4  backcrossing – transfer mutant progeny to new plate 

Linkage testing – transfer 2 cross progeny hermaphrodites from 
each cross to 3 separate plates 

Lab 5  backcrossing – confirm phenotype of backcrossed strain 
Linkage testing – look for double mutants (on plate that contain 
both single mutants) 
Mapping – pick single, linked mutants to clean plate 

 Lab 6  Mapping—pick 2 het hermaphrodite L4’s to each of two plates 
Lab 7  Mapping –cross N2 males times your linked Dpy Unc 
Lab 8  Mapping – pick 2 double het hermaphrodites to two plates 
Lab 9  Mapping – count progeny to determine map distance (you are now 

a C. elegans geneticist!!!) 
 

Experiment  CE 4  Complementation testing  
Lab 1  cross unc unknown X N2 males 
Lab 2  cross heterozygous males X three known unc’s 
Lab 3  score results (are Unc males present?) 
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Experiment CE 5  Embryogenesis 
Lab 1 practice embryo preparation and transfer to agarose pads; follow 

early all divisions 
Lab 2  track development from one to eight cell stage 
Lab 3  repeat if necessary 
 

Experiment CE 6                    Extraction/Eectrophoresis of worm DNA 
Lab 1              extract worm DNA (lysis, extraction, ethanol precipitation) 

            Lab 2              resuspend DNA; gel electrophoresis 
 

Experiment CE 7                     Kill Curves 
Lab 1                prepare embryos; plate embryos; irradiate 
Lab 2                score results 

 
 
 

     Molecular/Microbial Genetics Experiments 
 

Experiment  MG1  Plasmid prep./restriction digest  (pGLO) 
  Lab 1  plasmid prep.  
  Lab 2  transformation  
    Restriction digestions 
  Lab 3  gel electrophoresis of digest 

      Experiment MG2  Gel purification 
Lab 1  electrophoresis of ?  Hind III DNA 

                  + cut out band + gel purification  
  Lab 2  gene clean fragments 
  Lab 3  gel electrophoresis of gel-purified fragments 

Experiment MG3  Column chromatography (protein purification) 
Lab 1  lyse bacteria, prepare column, run column + collect fractions 
Lab 2   analysis of fractions – total protein and GFP 

      Experiment MG4  in vitro mutagenesis  
  Lab 1  digest pGLO with HindIII 
  Lab 2  gel purify “deletion” and set up ligation  
  Lab 3  transformation of “deletion” construct 
  Lab 4  analysis of deletion-miniprep and gel electrophoresis 
   

      Experiment MG5  Induction of gene expression 
Lab 1 grow pGLO bacteria + shift to different concentrations of 

arabinose, collect samples at various intervals 
Lab 2  quantitate fluorescence and optical density 
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Experiment MG6                     PCR/DNA fingerprinting 

                                   Lab 1                 isolate DNA/PCR 
           Lab 2    gel electrophoresis 

 
 
 

Experiment MG7                      UV Mutagenesis 
  Lab 1  expose to UV + plate for survivors 
  Lab 2  plate bacterial to determine mutation frequency 

Lab 3 score results + calculate mutation frequencies, grid mutants and 
non-mutants to test for auxotrophs 

Lab 4  score for auxotrophs 

Experiment MG8                    Conjugation 
  Lab 1  mix donor and recipient; interrupt mating at specific times; plate 
  Lab 2  count colonies and analyze data  

 
        
 
 
   Other Genetics Experiments 
 

Experiment OG 1               cytogenetics 
   Lab 1          microscopic examination of prepared slides 

Experiment OG 2               Mendelian ratios 
  Lab 1  plant corn 
 Lab 2  score phenotypes; compute phenotypic ratio; run Chi Square 

analysis  

 
 

C. Description of assignments upon which final letter grades will be based. 
 

The primary text will be a lab manual, specifically written for this course.  It is available in the 
Biology Departmental Office (WSH 432) for $5.00.   

 
Final letter grades will be based upon the following: 
2 announced quizzes @ 70 points per quiz =  140 points 
 -Feb 6 and April 10 
3 pop quizzes @ 70 points per quiz =    210 points 
3 lab reports @ 70 points per report =   210 points 
 -due Feb 6 (CE2), March 17 (CE3), April 3 (MG7) 
midterm (March 3)=     110 points 
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Comprehensive final examination =   200 points 
Total      870 points 

The short (ca ten minute) pop quizzes will be given at the beginning of some laboratory 
periods, and will not be announced in advance.  They will test your pre-class preparation 
for the experiment.  Lab reports will be due one week after the completion of the 
experiment.  The report should include a brief statement of purpose, a statement of the 
results (in table form if possible), and a brief discussion or interpretation of the results 
and a discussion.  Lab reports should not be hand written.  The final three class periods 
will be a series of student presentations.  During the course of the semester, students will 
search the primary scientific literature for one or several related publications that deal 
with the interesting topic.  Students will formulate the paper into a power point 
presentation that should consist of  between 6 and 15 figures.  These presentations will be 
given during the last three class meetings.  Each presentation should be between 15 and 
20 minutes in length, with an additional 5 minutes for questions.  Of the 130 points 
maximum for this assignment, 60 points will be based on the clarity of the power point 
slides and 70 points for the clarity of presentation and responses to questions.   
 
D. Description of grading procedures and attendance policies: 

 
Letter grades will be assigned, per the TCU scale:  
A 90%; B 80%; C 70%; etc. 
 

Attendance will not be formally recorded; however, the very nature of the course 
will impose severe penalties for absences. 

 
E.  Bibliography and other resources 

 
Alberts, Bruce, et al.  2002 Molecular Biology of the Cell, 4th edition, Garland Science, 
1463p.  This is the textbook used for Biol 30603 will be extensively referenced 
throughout the course. 
 
Klug, William S, and Michael R. Cummings, 2002, Essentials of Genetics, 4th edition, 
208p.  This book used for the genetics lecture course (Biol. 40123).  It will be extensively  
referenced in various labs 
 
Addition to these two textbooks, students will draw upon the primary scientific literature 
available in TCU’s library.  In particular, we will utilize the following scientific 
periodicals: 
Science, Nature, Cell, Proceedings of the National Academy of Sciences. 

 
F.  University policy for students with Disabilities and University policy regarding 

academic  conduct.  
In order to encourage and preserve the honor and integrity of the academic community, TCU 
expects its students to maintain high standards of personal and scholarly conduct.  Academic 
misconduct includes the following acts: 
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A. Cheating 
1. Copying from another student’s test paper, lab report, other report, or computer files 

and listings. 
2. Using, during any academic exercise, material and/or devices not authorized by the 

person in charge of the test. 
3. Collaborating with or seeking aid from another students during a test or a lab without 

permission. 
4. Knowingly, using, buying, selling, stealing, transporting, or soliciting in its entirety or 

in part, the contents of a test or other assignment unauthorized for release. 
5. Substituting for another student, or permitting another student to substitute for 

oneself, to take a test or other assignment or to make a presentation. 
B. Plagiarism 
The appropriation, theft, purchase, or obtaining by any means another’s work, and the 
unacknowledged submission or incorporation of that work as one’s own offered for credit. 
Appropriation included the quoting or paraphrasing of another’s work without giving credit 
therefore. 
 
C. Collusion 
The unauthorized collaboration with another in preparing work offered for credit. 
 
D. Abuse of resource materials 
Mutilating, destroying, concealing, or stealing such materials. 
 
E. Computer misuse 
Unauthorized or illegal use of computer software or hardware through the TCU Computer Center 
or through any programs, terminals, or freestanding computers owned, leased or operated by 
TCU or any of its academic units for the purpose of affecting the academic standing of a student. 
 
F. Fabrication and Falsification 
Unauthorized alteration or invention of any information or citation in an academic exercise. 
 
G. Multiple submission 
The submission by the same individual of substantial portions of the same academic work 
(including oral reports) for credit ore than once in the same or another class without 
authorization. 
 
R. Complicity in academic misconduct  
Helping another to commit an act of academic misconduct. (TCU Bulletin) 
 
All instructors or proctors shall the right to examine materials in the student’s possession during 
quizzes, examination, and/or laboratory sessions.  In instances of cheating during an examination 
or other classroom or laboratory activity or exercise the instructor shall have the right to suspend 
the student(s) who is (are) cheating from further work on the examination or exercise and to deny 
the student(s) credit for the examination or exercise.  Faculty may impose the following 
sanctions for academic misconduct. 
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(A) Grant no credit for the examination or assignment in question (treated as a 
missed assignment) 

(B) Assign a grade of F (or a zero) for the examination or assignment in question. 
(C) Recommend to the dean that the student be dropped immediately from the 

course with a grade of F.  This grade cannot be changed by student-initiated 
withdrawal. 

 
Also note that the dean of the college may also enforce specific sanctions.  
Procedures for handling cases of alleged academic misconduct have been carefully 
drawn to protect the rights of individual students and to safeguard the University’s 
commitment to academic integrity. 
 
If you require accommodations for a disability, please contact the Coordinator for 
Students with Disabilities, Center for Academic Services, Sadler Hall 11, TCU Box 
297710, 817-257-7486.  Once you have met with me to deliver and discuss an official 
accommodations letter from TCU's Academic Services, I will be able to arrange for 
your modifications related to this course.  If you have emergency medical information 
or need special arrangements in case the building must be evacuated, please discuss 
this with me as soon as possible.   
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C. elegans Experiments 
 
 
 
Introduction to the Nematode, Caenorhabditis elegans 
 
 Many aspects of gene function that have been studied extensively in prokaryotes 
pertain to eukaryotes as well.  However, prokaryotic cells cannot be used to investigate 
the many questions specific to the biology of higher organisms.  Chromosome structure 
and the development of a complex anatomy are key examples.  The small, free-living soil 
nematode, C. elegans, is a convenient model system in which to approach basic questions 
concerning the genetic control of development and behavior in multicellular organisms.  
The animal's life cycle is advantageous for genetic study, and at the same time it is small 
enough to allow complete anatomical studies at the ultrastructural level.  A synopsis of 
the major attributes of C. elegans is given below.  As usual, the internet is an additional 
valuable resource for obtaining more specifics.  Those interested are directed to the 
following URL’s: http://www.biotech.missouri.edu/Dauer-World/Wormintro.html 
(provides another overview) and http://nema.cap.ed.ac.uk/Caenorhabditis/C_elegans.html 
(yet another overview, with some useful links).  The two worm/web meccas are: 
http://elegans.swmed.edu/ (just a short hop to Southwestern Medical School is the site 
maintained by Leon Avery; it’s perfect for virtually any worm detail you’d need) and 
http://www.wormbase.org/ (WormBase is an interactive web site for hardcore 
wormophiles).  
 
 C. elegans is easily and inexpensively grown in the laboratory in liquid medium 
or on the surface of agar- filled petri dishes, feeding on Escherichia coli.  Adults are about 
1 millimeter in length, with a tubular body consisting of a hypodermal wall and an 
underlying musculature that encloses the digestive and reproductive organs.  Although C. 
elegans has most major types of differentiated tissue (nerve, muscle, hypodermis, 
intestine, and gonad), adults contain only about 800 somatic cells. 
 
A. Nematode Anatomy 
 

The hypodermal body wall is covered by an external cuticle composed primarily 
of modified forms of collagen.  The body cavity (or pseudocoelom) is maintained at a 
high hydrostatic pressure relative to the outside, and this pressure on the elastic cuticle 
gives the animal rigidity and structural integrity.  The hypodermis consists of four 
longitudinal ridges (dorsal, ventral, left and right lateral) joined circumferentially by thin 
sheets of cytoplams which separate the muscle cells from the cuticle.  The hypodermal 
cells secrete cuticular components and display a periodic activity associated with molting.  
The body muscles are organized into four longitudinal rows of 24 cells each, located 
between the hypodermal ridges. When the animal moves, the two subventral muscle 
strips are coordinated together as are the two subdorsal strips, producing a sinusoidal 
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wave motion in the dorsal-ventral plane.  The alimentary canal includes a muscular 
pharynx, which takes up food, grinds it, and pumps it into the intestine.  The intestine 
consists of 30 to 34 cells and is lined with microvilli leading to an anal sphincter valve 
that is operated by a pair of muscles. 
 

The nervous system of C. elegans consists of approximately 300 neurons, 
including a circumpharyngeal nerve ring, dorsal and ventral nerve cords, and a variety of 
sensory receptors and ganglia.  About 70% of the neurons are located in the head.  Sense 
organs (sensilla) are arranged in two concentric rings around the mouth and include both 
chemoreceptors and mechanoreceptors.  C. elegans exhibits chemotaxis to a number of 
compounds.  It also responds to a tap on the head by moving backwards, and then turning 
to move forward in a different direction (try this out in the lab…on a worm, not your lab 
pardner).   
 

C. elegans generally reproduces as a self- fertilizing hermaphrodite, with each 
animal producing both sperm and eggs.  Two reflexed gonadal arms, each of which 
contains an ovary, oviduct, spermatheca, and uterus, terminate at the vulva, located 
midway along the ventral side.  The mature hermaphrodite is effectively a female in 
which the gonad has earlier made and stored sperm before turning to the production of 
oocytes.  Eggs (developing embryos) are fertilized by endogenous sperm and undergo 
some of their development inside the parental hermaphrodite.  Embryos are arranged in 
sequence along the uterus with the most developed ones nearest the vulva.  Fertilized 
eggs are covered with a chitinous shell and deposited on the agar surface.  The entire life 
cycle takes about 3 1/2 days at 20°C with each adult hermaphrodite producing 250-350 
progeny. 
 
B. Nematode genetics 
 

Self- fertilization drives populations to homozygosity so that it is easy to isolate 
isogenic (genetically identical) clones of animals.  This greatly facilitates the detection of 
mutants in a diploid organism.  Since chemically induced mutations first appear in the 
heterozygous condition, recessive mutations cannot be recognized in the F1 progeny of 
mutagenized animals.  While heterozygous hermaphrodites automatically segregate 
homozygous mutants as one fourth of their progeny, segregation of homozygous mutants 
in “male/female” organisms requires manual cloning (brother-sister matings) and 
homozygotes only appear in the third generation after mutagenesis.  Many individual 
hermaphrodites may be grown together and screened for mutants together, since there is 
no danger of losing the homozygous form of a mutant by cross-fertilization.  In 
additional, since self- fertilization does not require copulation, severely uncoordinated or 
deformed mutants can be propagated as homozygotes.  Thus, many mutants that would 
be lethal in Drosophila or the mouse are viable in C. elegans.  This not only simplifies 
maintenance of genetic stocks, but it makes possible the growth of large populations of 
such mutants for biochemical analysis. 
 

Reproduction by self- fertilization, though convenient for mutant isolation and 
maintenance, does not provide a means to recombine independently isolated mutations.  
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Genetic analysis therefore depends on the existence of males, which are produced 
spontaneously in hermaphrodite populations by meiotic non-disjunction at a frequency of 
0.1%.  Males posses 5 pairs of autosomes and one X chromosome, while hermaphrodites 
posses two X chromosomes in addition to the autosomal complement (the XX vs. XO 
system).  Males are distinguished from hermaphrodites by their smaller size and by the 
fan- like copulatory bursa at the tip of the male tail.  A male culture can by propagated by 
mating males with hermaphrodites.  Half the progeny produced by such cross-fertilization 
are male.  In practice, a culture of wide-type males is constantly maintained and these 
males are used for mating with mutant hermaphrodites.  Such crosses produce 
heterozygous males that are then used to transfer the mutant marker to other 
hermaphrodites, so that genetic mapping and complementation tests are possible. 
 

The small size of the animal (1mm), its short generation time (3 1/2 days at 20°C), 
and the large number of progeny produced per animal (250-350) are important factors in 
genetic analysis.  Since genetic experiments frequently require the detection of rare 
events, it is an advantage to grow a large number of individuals in a small space.  A petri 
plate seeded with a single hermaphrodite will contain nearly 105

  individuals after one 
week.  Confining the animals to the 2-dimensional agar surface permits the observation 
of rare individuals in large populations with the aid of a dissecting microscope. 
 

The methods for isolation, complementation and mapping of mutants affected 
inmorphology or behavior have been described by Brenner.  A large library of mutants, 
induced by a variety of mutagenic agents (ethyl methanesulfonate, diethyl sulfate, x-rays, 
Phosphorus-32), is available for study.  Mutations are induced by ethyl methanesulfonate 
(EMS) at a high frequency, averaging 5 x 10-4 per gene.  This means that, on average, one 
in every 2000 F1 Progeny of mutagenized animals will be heterozygous for a mutation in 
a given gene.  Nearly 200 loci have now been placed on the genetic map.  Most genes are 
represented by more than on independently isolated allele. 
 

The majority of the mutants characterized thus far are non- lethal and display a clearly 
visible phenotype.  A large number of mutants are "uncoordinated" (now representing 
nearly 100 genes).  uncoordinated phenotypes range from small aberrations in movement 
to nearly complete paralysis.  Morphological mutants include dumpy, small, long, and 
blistered animals.  Dumpy mutants are shorter than wild-type animals and correspond to 
twenty different genes dispersed over the six linkage markers for mapping most other 
classes of mutants, since the double mutants are easily distinguished.  Both 
morphological and uncoordinated mutants can be used for mapping many types of 
developmental mutants. 
 

An increasing variety of mutations is now being studied including those affecting 
drug-resistance, chemotaxis, thermotaxis, male sexual behavior, catabolic pathways, 
dopamine biosynthesis, muscle assembly, sex determination, development of the ventral 
nerve cord, and temperature-sensitive lethal mutants affecting embryogenesis and 
gonadogenesis.  A series of translocations and duplications has been characterized as a 
first step in assembling a collection of "balancers" for recessive lethal mutations. 
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Maintaining genetic stocks is less difficult with C. elegans than with some other 
organisms used in developmental or behavioral studies, such as Drosophila or the mouse.  
Stocks of C. elegans remain viable when frozen and stored in liquid nitrogen.  

 
The molecular genetics of C. elegans is also very well developed.  This nematode 

holds the distinction of being the first metazoan to have it’s genomic sequences.  In 
addition, most tricks of the molecular geneticist have been employed in C. elegans.  
These include making transgenics (including knockouts) and the relatively new technique 
of RNAi.  Consult the internet (URL’s listed above) for more information about the 
molecular genetics of the worm. 
 
C. Post-embryonic Development 
 

A newly hatched animal resembles an adult in general proportions and body 
movement, but is only about one-sixth the length of an adult.  During growth, developing 
larvae undergo four molts in which the old cuticle is shed and replaced by a new 
underlying cuticle.  The inter-molt stages are designated L1 through L4, followed by 
adulthood.  L3 and L4 hermaphrodites can be distinguished from adults via the presence 
of half- moon shaped structure at the location of the vulva.  Worms stop pharyngeal 
pumping and become lethargic while molting.  During growth at 20°C, molting occurs at 
approximately 14, 22, 30, and 40 hours after hatching, with egg laying commencing at 
about 50 hours.  During larval development, the number of non-gonadal cells increases 
from about 550 in the newly hatched L1 to about 810 in the mature hermaphrodite and to 
about 970 in the mature male.  At hatching the L1 has only 4 gonadal cells.  These cells 
proliferate to form the adult reproductive system of approximately 2500 nuclei.  It is 
important that you develop some ability to stage animals (that is; recognize the various 
developmental stages).  This is most easily accomplished by simply viewing a mixed 
population such that you can directly compare the sizes of the various stages.   

 
 
Practical Aspects of Worm Cultivation 
 
A. Sterility 
 

Sterile technique should be practiced at all times in nematode genetics.  Discard 
any agar plates containing contaminants (mold, yeast, bacteria).  If a contaminant arises 
on a plate, transfer 10-20 worms to a fresh plate containing E. coli, let them crawl for 1/2 
hour, then transfer a few of the worms to yet another fresh plate. 
 
B. E. coli 
 

Strain OP50 or a streptomycin-resistant derivative of OP50 is used as nematode 
food.  OP50 is a uracil auxotroph.  The nutrients in the agar medium limit bacterial 
growth so that the lawn does not grow so thick as to obscure observation of nematodes.  
Plates are seeded with bacteria by applying a drop or two of OP50 on the middle of the 
plate and then spreading with an alcohol-sterilized glass bar.  Aim to cover about 2/3rds 
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of the surface, avoiding the edges of the surface.  Since animals will generally confine 
themselves to the bacterial lawn, leaving the edges unseeded will allow us easily observe 
all animals under the microscope.  The OP50 stock will be available each lab and, as the 
semester progresses, you will be responsible for seeding your plates for upcoming labs.  
Plates must be seeded at least 24 hours before usage and can be stored at room 
temperature until usage.  They are good for about a week after seeding, so don’t seed any 
more plates than you will need.  Take care to minimize chances of contamination to the 
OP50 mother load.  Do so by keeping the lid on the flask as much as possible.  

Up to several thousand adult worms may be grown on large plates and several 
hundred adults on small plates before exhausting the bacterial supply.  Since each animal 
produces close to 300 offspring, the capacity of a plate can be exhausted within one to 
two days if too many worms are placed on it.  Plates inoculated with smaller numbers of 
worms can last up to a week in good condition depending on the temperature at which 
they are grown.  Small plates support one generation of growth if inoculated with 5 or 
fewer adults.  When the bacteria are exhausted, the adults die of starvation and the 
population becomes primarily ge riatric adults and young larvae, either of which are 
useful for setting up crosses. 
 
C.  Use of Plates 
 

We will be using two different sized plates.  “Large” are plates the standard 
microbiological petri dishes (100 x 15mm) and will be used when we desire a particularly 
large population, such as for mutant hunts or biochemistry.  The small plates (60 x 
15mm) will be employed for genetic analyses. 
 
 
D. Methods for Handling Worms 
 

1. Wire Tool (“worm picker”) 
 

One end of a fine wire is embedded in a Pasteur pipette (or attached to the handle 
of a bacteriological inoculating loop) and the other end is flattened to make a tiny shovel.  
The tool is sterilized by briefly passing it through a flame.  Older larvae and adults can be 
lifted off a plate by scooping under them and lifting up. In this way, individual worms 
can be "captured" and transferred.  With practice more than one worm may be picked up 
at a time.  This process can be facilitates by first touching your worm picker to the 
bacterial lawn to acquire some “bacterial glue”.  The transfer must be accomplished as 
quickly as possible in order to avoid killing the worms by dessication on the tool.  It is 
important to avoid gouging the plate, or animals will burrow into the agar despite the fact 
that all food is on the surface (hey, they’ve only got 302 neurons so whaddaya expect?).  
After a worm is transferred, the tool is sterilized by flaming again.  Care should be taken 
not to cross-contaminate strains of worms by carrying over unwanted worms, especially 
small larvae and eggs.  In some cases (such as stock transfer) a mixture of worms is not 
problematic; however, when setting up a genetic cross it is essential that only late larvae 
and adult males are transferred. This is difficult at first but you will become an expert 
worm picker as the semester progresses. 
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 2. Paper Strips 

 
Worms can be scraped off the agar with a sterile strip of paper.  With this 

technique, many worms may be conveniently transferred.  The paper is then discarded. 
 

3. Agar Chunk 
 

When one doesn't care exactly how many worms are transferred, and especially 
on old plates when most of the worms may have burrowed into the agar, one cuts out a 
chunk of agar with a sterile scalpel for transfer to a fresh plate.  The scalpel should be 
dipped in alcohol, flamed between uses. 
 
 4. Transfer by Liquid 

 
If several ml of liquid is gently put on a plate, adults and larvae tend to float off in 

the liquid while eggs tend to stick to the surface of the plate.  This itself is a useful way of 
fractionating worms.  If the worms are transferred to a conical centrifuge tube, in several 
minutes adults settle to the bottom.  In fact, by settling the worms through a column of 
liquid, adults may be purified from young larvae in this way.  The worms may be 
collected in a small volume from the bottom of a centrifuge tube and transferred to 
another Petri plate where the liquid remaining will be absorbed into the agar. 
 
E. Genetic Manipulations 
 
 1. Matings 
  

To start a mating, place 4 to 5 young adult (or L4) males on a small plate with 2 to 
3 young adult (or L4) hermaphrodites.  In each cross the self-cross progeny produced by 
the hermaphrodite must be distinguished from outcross progeny.  Generally the 
hermaphrodite is homozygous for a visible marker and will breed true by self-crossing, 
while outcrossed progeny will not be homozygous for the maternal marker.  When no 
other way is available to distinguish selfcross from outcross progeny, only males are 
scored.  It is the outcross progeny of a mating that are of interest and essentially all male 
progeny are crossprogeny.  For this reason it is critical than the male transfer not be 
contaminated with any eggs or hermaphrodites, as they will be confused with 
crossprogeny. 
 

When the male progeny from a cross are to be scored one must remember that the 
parental males will still be on the plate (usually 3 or 4 animals).  These males will be the 
oldest and largest males and should not be scored among progeny phenotypes.  Generally 
the parental males are no longer fertile by the time and cross is scored. 
 

In cases where male progeny are to be used for a subsequent cross, care must be 
taken to use the young adult males and to avoid the parental males, since only the young 
males will carry the marker of interest. 
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In cases where outcrossed hermaphrodite progeny are required, only L4 

hermaphrodites are picked since adult hermaphrodite progeny will not be virgin.  Adults 
will have mated with sibling males. 
 
2. Maintenance of an N2 Males Stock 
 

To always have a sufficient number of wild-type males on hand, transfer the N2 
males stock according to the schedule provided.  Transfer 10 young adult males and 5 
hermaphrodites to a small, seeded plate and incubate at the temperature designed on the 
schedule. 
 
3. Scoring Phenotypic Ratios 
 

Since worm crawl around on the plate, the only reliable method of counting 
animals is to remove them from the plate as they are scored.  Individuals can be picked 
up with the wire tool and incinerated in the flame.  A more rapid method of counting is to 
aspirate the animals through the drawn-out tip of a pasteur pipet connected to a vacuum 
line.  Many people prefer to count one phenotypic class at a time.  Unless you have a very 
good memory it is probably best to jot down sub-totals several times while scoring a 
plate.  In general, populations are scored after four days of incubation at 20°C.  At this 
time virtually all F1 progeny are adults, while small larvae on the plate represent second 
generation progeny and are not scored. 

 
 
CE1:  Introduction to Worm Handling 
 
 Protocol 
 
 Day 1: 

-Observe the video tape that shows examples of some mutant strains as 
well as showing wild-type males and larvae. 

  -Learn to recognize: uncoordinated mutants (unc), dumpy mutants (dpy), 
  males, L4 larval stage. 
 

Day 2: 
 -practice picking worms from one location to another 
 

-continue developing your ability to recognize: uncoordinated mutants 
(unc), dumpy mutants (dpy), males, L4 larval stage. 

 
-Begin wild-type (N2) male culture: see E.2. above 

 
 

Day 3: 
 -practice picking worms from one location to another 
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-continue developing your ability to recognize: uncoordinated mutants 
(unc), dumpy mutants (dpy), males, L4 larval stage. 

 
-transfer N2 male stock 

 
 
CE2:  Autosomal versus X-Linkage 
 

 In this exercise you will perform a number of crosses to illustrate several 
genetic phenomena: first, recessive X-linked mutations are expressed differently 
in males versus females (or in the case of C. elegans, hermaphrodites) owing to 
that hemizygosity thing.  Second, linked genes segregate differently than unlinked 
genes.  As a matter of practice, mutants are almost always isolated in the 
hermaphrodite form.  The first step in the genetic analysis of a newly isolated, 
homozygous mutant is to outcross it to wild-type (N2) males.  The results of the 
cross establish whether the mutant is dominant or recessive, and whether it is X-
linked or autosomal.  The vast majority of all C. elegant mutants are recessive.  
Thus, the cross-progeny are generally wild type in phenotype, except in the case 
of X-linked mutants.  When a hermaphrodite is mated with N2 males, the male 
progeny receive their single X chromosome from the maternal parent.  If the X 
chromosome carries a mutation, all male progeny will express the parental mutant 
phenotype, while the crossprogeny he rmaphrodites will be phenotypically wild 
type.  Recessive autosomal mutations, on the other hand, are not expressed in any 
of the F1 progeny. 
 In this experiment, you will cross wild-type males times three different 
Dpy Unc strains.  The Dpy and Unc mutations are autosomal and lined in one 
strain.  The mutation are autosomal and unlinked in the second strain.  In the third 
strain, one of the mutations is autosomal and the other is X linked. Your task sort 
these out.  Consult the introductory section E.1. about crosses before proceeding. 
 
 Day 1: 
  -in separate small plates, cross N2 (wild-type) males 

times either SP2, PH9 and SP356 (refer to the introductory 
comments on      crossing  
-remember that it is essential that the ONLY N2 animals on the 
cross plates are males.  To accomplish this, first transfer about 5 
L4 or adult males onto a petri dish.  Then carefully check and 
remove any N2 animals (including eggs) from the plate. 

 
 Day 2: 

-examine the progeny.  Do you have crossprogeny (phenotypically 
wild type) that signifies your cross was successful?  If so, look for 
the presence of males.  These should be wild type unless the Dpy 
or Unc mutation is X-linked. 
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-transfer two wild-type L4 hermaphrodites each from of the two 
plates containing autosomal Dpy Unc’s (remember that the 
mutations are unlinked in one case; i.e., dpy/+; unc/+; and linked; 
i.e., dpy unc/+ + in the other) 

-to guarantee that all progeny are self progeny, make 
certain that you have transferred an L4 
-after you transfer, make certain that the re are no other 
animals on the plate 

  Day 3: 
- Record the number of Dpy, Unc and Dpy mutants by scoring the 
phenotype and removing that animal from the plate.  If unlinked, 
you should see Dpy’s, Unc’s and Dpy Unc’s in a ratio of 3:3:1 
(remember the 9:3:3:1 ratio).  If linked, you should see greater than 
1/7th Dpy Unc’s among the mutant progeny. 

 
  
 
 
 
 
 

CE3:  Mutant Hunt →   Linkage Testing →   Mapping 
 

A. Background and overview of the exercise. 
 
In this exercise, you will progress through the normal sequence of events in 

forward (classical) genetics.  You will first perform a mutant hunt, scanning a plate for 
rare mutants that occur among the background of wild-type animals.  You will then pick 
your mutants to a separate plate, confirm their mutant phenotype, and begin genetic 
analyses that culminate with mapping the mutation.  Rock on!  In truth, mutants will have 
been secreted on the plate by your devious instructor.  Thus, while rare, they will be more 
frequently encountered than had you sifted through the second-generation progeny from 
mutagenized worms (as is the case with a real mutant hunt). 

 
Once you have recovered your mutant and confirmed its phenotype (by 

examining its progeny) you will next perform two tasks in parallel.  One of these is to 
backcross the mutation into wild type .  This consists of crossing your mutant times 
wild type and recovering homozygous mutants in the F2 generation.  Backcrossing is 
necessary to eliminate any secondary mutations that might modify the phenotypes you 
are studying.  This is important because most mutant hunts employ heavily mutagenized 
P0’s.  Backcrossing will also reveal X-lined mutations, as you recall from the previous 
exercise. 
 

The second parallel task is linkage testing; that is, you will determine which of 
the five autosomes (linkage groups) your mutation is located on.  This is prerequisite to 
mapping.  This is accomplished by determining the segregation behavior of your 
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unmapped mutation relative to standard reference markers (e.g., mutations whose 
location is already known).   Recall that unlinked mutations will segregate independently 
(your basic dihybrid inheritance as first observed by Gregor Mendel) whereas linked 
mutations will not. 

 
In practice, linkage tests are performed using the following steps (where "m" 

represents a recessive mutant tested with reference marker "r").  The markers m and r 
must be distinguishable.  Since homozygous mutant males usually won't mate, the 
desired trans double heterozygote is constructed by mating males heterozygous for one 
mutation (m/+) with hermaphrodites homozygous for the reference mutation (r/r). The 
genotypes of the F1 hybrids will be +m/r+ and ++/r+.  We are only interested in the 
double heterozygote.  The F1 hybrids containing only r are not useful.  To select the m/r 
heterozygotes, we clone 4 or 5 individual F1's on small plates.  We score the progeny of 
the F1 individuals (the F2) for linkage.  Only F1 clones which segregate m/m 
homozygotes are scored.  This should be 50% of the plates. 
 

F2 progeny of each class are counted:  m, r, mr double, and wild-type.  If  
assortment is independent, progeny will be: 
 

                                                                                  OOCYTES 
  +  ; + r  ; + + ;  m r  ; m 

+  ; + w w w w 
r   ;+ w r w r 
+   ;m w w m m SPERM 

r   ;m w r m r m 
 
or,  1/16 rm, 3/16 r, 3/16 m, 9/16 wild 
 

 On the other hand, if the markers are closely linked, phenotypic ratios will 
approximate 1:2:1, owing to meiotic segregation of the trans double heterozygote 

 
         1/4 m (mutant) 
  +m/r+     1/2 +m/r+ (wild) 
       1/4 r (reference) 
 
 Double homozygotes ( r m) would occur only in the event of a recombination 
event.  Such an event might occur in either the sperm or the occyte.  If the probability of 
a recombination event is p, and if the event produces wild-type and double mutant 
recombinant chromosomes, then the probability of getting the double mutant 
chromosome in an individual gamete is p/2.  The chance of an individual gamete which is 
an m r recombinant combining with another (m r) recombinant is (p/2) x (p/2) = P 2/4.  If 
the map distance between 2 mutations is 10%, then the probability (P) of a 
recombination’s occurring is P = 0.1.  p/2 is 0.5 and P2 is 0.0025.  Consequently about 2 - 
3 worms in a thousand will be double mutants.  A single hermaphrodite produces 200 to 
300 progeny.  Since most of the genes on the same linkage group are within a 10-15% 
recombination distance from each other, this means that linked genes in trans (m +/+ r) 
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will not produce detectable recombinants in the F1.  Therefore, the test for linkage is 
usually the complete absence of the double mutant class mr. Because the frequency of 
recombinant phenotypes is so low, scoring for the double recombinant phenotype 
segregating from 2 mutations in the trans positions makes an excellent test for linkage but 
a poor measure of the exact linkage distance. 
 

In order that our results are a significant test for linkage, it is important to count 
enough worms.  There are a number of approaches to this, but the simplest is to ignore 
the wild-type animals and focus on the mutants. If no double mutants are found, we only 
need to count about 40 worms before the results become very significant statistically 
(when tested against the hypothesis that the mutants are unlinked).  If the mutations were 
unlinked, we would expect to see doubles at a frequency of one in seven (remember the 
9:3:3:1 ratio).   Seventy or more worms have to be scored to distinguish two weakly 
linked mutations from unlinked mutations.  
 
There are a number of approaches (e.g., 2F crosses, 3F crosses, deletion mapping) to 
mapping a mutation once its linkage has been established. We will perform a 2F cross, 
which in C. elegans requires that we first construct a double mutant (r m).  As discussed 
above, the appearance of a double mutant in the F2 requires the union of 2 recombinant 
gametes  -- a very rare event.  It is unlikely therefore that we'll find a double among the 
F2 progeny if the mutants are linked. The probability of a recombination event's having 
occurred on one of the two homologues is much better; that is, there will be many more 
progeny that are genotypically mr/+r  than mr/mr. It would exhibit the reference 
mutation's phenotype and would segregate double mutants (r m) as one quarter of its 
progeny.  To find a double mutant for mapping, we choose individuals of the r phenotype 
to clone and look for the segregation of the mr double mutant among their progeny. If 
two mutations recombine with a frequency of 10%, roughly one r homozygote in five 
will segregate the desired double mutant.  

 
Two factor crosses involve scoring recombination between two genetic loci.  With 

your mutation (m) trans to a reference mutation (r) [that is, m+/+r], the only phenotype 
that can be positively identified as recombinant among the segregants is that of the 
double mutant. As discussed, the appearance of this phenotype requires that both 
chromosomes be recombinant.  Therefore, if mapping were done with two mutants in 
trans, one would have to count a ridiculously large number of worms before a statistically 
reliable map distance could be obtained.  Consequently, mapping is done with the two 
mutations cis.  (This is the reason for your previous search for a double homozygote.) 
 
 To map, one crosses a homozygous double mutant hermaphrodite with wild type 
males and clones the heterozygous F1 hermaphrodites.  The F1 heterozygotes are allowed 
to segregate progeny, and the number of F2 individuals of each different phenotype are 
then counted.  As discussed above, four phenotypes will be observed:  wild, single 
mutant m, single mutant r, and double mr.   The map distance (p)  can be calculated any 
number of ways.  However, we’ll now avoid a bunch of math and cut to the chase, which 
is that you will determine map distances using the formula:  
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 p = 1 - R21−  
 
In which p equals the map distance and R equals the number of single mutants (both m 
and r single mutants) divided by the total. 
 
     
  
   
B. Experimental Protocol: 

 
Day 1 -scan “mutagenezed” plates for visible mutants + transfer 3 

putative mutants to separate plates.  Take care not to transfer any 
other animals except your putative mutant. 

 
Day 2  -confirm phenotypes of mutants by looking at their progeny 

-cross N2 males X your mutant for backcrossing and linkage 
testing (set up two plates just to be safe); remember that L4 
or young adult males only should be transferred from the 
male stock (absolutely no hermaphrodites, including larvae 
and eggs); your mutants should be young adults or L4’s 

 
Day 3  -for backcrossing – transfer 2 wild type L4’s to a new plate; these 

are presumably heterozygous for your mutation 
-for linkage testing – set up five crosses.  Each cross will contain 

heterozygous males (m/+) from the cross you initiated last 
lab period.  Make sure that these are the only animals that 
you transfer from that plate.  Each cross will also contain a 
mutant with a reference (known) mutation (r/r).  The strains 
and their reference mutations are: 

CB51 [unc-13 I], CB120 [unc-4 II], CB189 [unc-32 III], CB53 
[unc-5 IV] and CB270 [unc-42 V].  

 
Day 4  -for backcrossing – transfer 2 mutant progeny L4 hermaphrodites 

to a new plate.  Make sure that these are the only animals you place on the 
plate. 

-for linkage testing – transfer 2 cross progeny L4 hermaphrodite 
from each cross to each of 3 separate plates.   
In each case, why is it important that you transfer L4’s and not 
adults?  
 

Day 5  -for backcrossing – confirm phenotype of the backcrossed strain; 
specifically, your backcrossed mutant should breed true.  What percentage 
of the mutagenized chromosomes have your replaced with wild-type, 
unmutagenized chromosomes? 

-Linkage testing – Record the number of m, r and mr mutants by 
scoring the phenotype and removing that animal from the plate.  If you see 
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no, or significantly fewer than one in seven double mutants, it could be 
taken as an indication that your mutation is on that linkage group.  
Remember that your mutation will only reside on a single chromosome; 
therefore, the ideal result is that your mutation segregates independently of 
4 of the 5 reference mutations. 

-Mapping – Assuming that you have determined the linkage group 
on which your mutation resides, pick 5 Unc (m) mutants to 
each of 5 plates.  As described above, most of these are 
r+/r+, but hopefully some are rm/r+.    Why is it more 
efficient to pick Unc mutants as opposed to animals who 
are homozygous for your mutation (and are therefore 
hopefully rm/+m)? 

 
Day 6  -mapping –screen your 5 plates for double mutants.  Pick 3 such 

putative double mutants to separate plates. 
 
Day 7  -mapping – cross N2 males X your double mutant (rm).  

Remember to follow the normal precautions to insure that all progeny are either self 
progeny (rm mutants) or cis double heterozygous cross progeny (rm/++). 

 
Day 8   -mapping – pick 2 double heterozygotes to each of two plates 
 
 
Day 9   -mapping – count all adult and L4 progeny from one plate, scoring 

as either wild type, RM, R or M.  Also score the second plate unless you have counted 
>100 total animals.  Remember to remove each animal after you have determined its 
phenotype.  Calculate the map distance using the information provided above. 
 
 
Experiment CE4   Complementation 
 

It is not unusual to have series of mutations that confer similar phenotypes and also 
map to a identical or similar location on a chromosome.  In such cases, the practicing 
geneticist performs a complementation test to determine if the mutations are allelic (that 
is, in the same gene) or non-allelic.  The specifics of strain construction vary depending 
on the experimental organism.  However, the basic strategy in all cases is to construct a 
trans double heterozygote and then examine the phenotype of this organism.  As is 
apparent from consultation of your genetics textbook, a wild-type phenotype indicates 
that the two mutations complement one another and are therefore in different genes.  
Conversely, a mutant phenotype suggests the mutations are allelic to one another (that is, 
they fail to complement).  We will construct double hets as follows: 

 
 

1. unknown Unc (unc-u/unc-u) x N2 males (+/+) →unc-u/+ 
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   2.  unc-u/+  x   known Unc (unc-k/unc-k) →   unc-u    + 
                          males      hermaphrodrites                         +      unc-k 
 
 

In this experiment, we will use a series of  “unknown” Uncs and place these 
mutations in trans to four mutations in different Unc genes that have been previously 
mapped (i.e., known mutations).  We are attempting to determine if, our “unknown” Unc 
mutations are allelic to any of the four mutations.  Each student will be given one 
unknown.   

 
Day One 

1. Cross your unknown Unc times N2 males by placing three to five L4 Uncs on a 
plate in the presence of 5 to 8 N2 males.  It is essential that the only wild-type 
animals present on this plate are males (because you desire +/unc males from this 
plate, and not the +/+ males that would result of wild-type hermaphrodites were 
included on the plate).     

 
Day Two 

1. Pick L4 and adult males from the plate initiated last laboratory onto four new 
plates.  Again, it is essential that only males be transferred onto these plates.  Add 
three L4’s from each of the known unc strains to your plates.  We will use:  
CB51= unc-13; CB120= unc4; CB189=unc-32 and CB53=unc-5 

 
Day Three 

1. Examine each of the plates initiated last laboratory period.  You should see the 
presence of wild-type hermaphrodites and males.  This indicates that the cross 
was successful.  The $20 question is whether there are any Unc males present.  
These should be present in roughly equal numbers to the wild-type males if the 
mutations fail to complement one another.  Conversely, if your unknown mutation 
is allelic to the known Unc mutation, you should see Unc males as well. 

2. Compile a complementation matrix on the board. 
   

 
 
 
 
 
 
 
 
 
 
Experiment CE5 Embryogenesis 

As described in the introduction, one of C. elegans’ principle strengths as a model 
system is its largely invariant pattern of cell development.  During embryogenesis, a 
series of precise cell divisions occur that take the one-cell zygote to a 550-cell embryo.  
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This transpires in roughly six hours, with another six hours of embryogenesis devoted to 
cell migration and differentiation such that a ball of cells morphs into a small worm.  
Because animals are transparent, embryogenesis can be visualized in living embryos with 
a light microscope.  The use of Nomarski differential interference contrast (DIC) optics is 
essential to visualizing most of embryogenesis.  However, a microscope without these 
optics provides sufficient resolution to track development up to the eight-cell stage or so.  
We will do this over the course of the next several laboratories.   

 
Lab One  
1.  Transfer several gravid hermaphrodites into a drop of water on the lid of a petri dish 

with your work picker 
2. Use a scalpel to cut adults transversely through their middle one-third.  You will see 

the release of eggs in different stages of embryogenesis 
3. Use a P20 to transfer one or two cell embryos to agarose pads.  Keep the size of the 

drop as small as possible 
4. Use a chem wipe to remove excess moisture from the agarose pad 
5.  Cover the pad with a cover slip, noting the locations of the one-and two-cell 

embryos on the pad (you may wish to mark these locations with your marker) 
6. Place the slide under a compound microscope and use the 4X objective to locate and 

focus on the embryo of interest  
7. Alternate the magnification between 100X and 400X, tracking the various cell 

divisions during this time (note: you do not need to use the oil immersion lens) 
8.  Draw pictures of the embryos, record the timing of all divisions 
 
 
Experiment CE6 – Extraction and Electrophoresis of Worm DNA 
 
Lab 1  

1. Using a disposable pasteur pipet, add several milliliters of water to the surface of 
the petri dish containing nematodes and rock the dish gently back and fourth. 

2. Remove the water (containing the suspended worms) to a 15 ml conical centrifuge 
tube 

3. repeat this process  
4. bring the volume to 10ml 
5. Cap the tube, mix the contents well, and immediately withdraw three 10 ul 

aliquots and place on the lid of a petri dish 
6. Estimate the number of animals in each drop and calculate the total number 

animals in your sample (what number do you multiply by?) 
7. Place the tube in the clinical centrifuge and spin for 30 seconds on setting 2. Make 

certain to balance the tube. 
8. Using a disposable pasteur pipet carefully remove the supernatant, leaving a total 

volume of 0.5 ml.   Take care not to disturb the pellet of worms 
9. Use the same disposable pasteur pipet to transfer the remaining contents to a 

microfuge tube 
10. Add 40 microliters of “mix” solution (1M Tris, pH8; 0.5M EDTA; 2M NaCl), 40 

ul (4mg per ml) proteinase K, and 40 ul 10% SDS.  Immediately cap the tube and 
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place in a 45O water bath.  [Tris is a buffer.  EDTA chelates divalent cations such 
as Mg+2, which are cofactors for many nucleases.  SDS is a detergent.] 

11. Gently rock the tube back and forth at roughly 15 second intervals to prevent the 
worms from settling out 

12. after 30 minutes remove the tube from the water bath and add roughly 500 ul 
chloroform  

13. Cap the tube and violently shake to mix aqueous and organic phases 
14. Microfuge for two minutes (make certain the rotor is balanced) to separate the 

organic (heavier chloroform) and aqueous (lighter) phases.  The nucleic acids 
remain suspended in the aqueous phase which the proteins and debris are 
extracted into the organic phase or precipitate and collect at the interface. 

15. Using a P1000, carefully remove the upper, aqueous layer to a new microfuge 
tube, taking care not to disturb the interface 

16. Add roughly an equal volume of chloroform and repeat the extraction procedure 
(steps 13-15) 

17. Continue chloroform extractions until no further interfacial material remains 
18. In order to participate the nucleic acids, add 0.1X 3M sodium acetate and 2 

volumes 95% ethanol.  The specific volumes you use will be determined by the 
volume you transferred to the microfuge tube. 

19. Cap the tube and rock gently back and forth, observing for the precipitation of 
nucleic acids from the solution  (very cool moment for true science nerds) 

20. Microfuge for 2 minutes (again, make sure the rotor is balanced) 
21. Pour off the supernatant and invert the tube over a paper towel to remove as much 

ethanol as possible  
22. Add 50 uL TE buffer.  TE buffer is 10M Tris; 1mM EDTA (pH 8.0) and is 

commonly employed to store nucleic acids. 
 
Lab 2 

1. Check the microfuge tubes to insure that the pellet has completely resuspended.  
If it hasn’t, place it in a 37o water bath and gently mix. 

2. Add 10 ul tracking dye to the nucleic acid solution [tracking dye contains the 
following components: sucrose or glycerol (to increase the density such that the 
solution sinks to the bottom of the well when loaded into a gel) and one or more 
dyes that migrate rapidly, enabling electrophoresis to be monitored.] 

3. Prepare an agarose gel as follows 
a. Weigh out 0.5 g agarose and add to a 125 ml Fatenmeyer flask containing 

50 ml TAE buffer 
b. Swirl the flask and microwave for 15 seconds to melt the agarose 
c. Remove the flask and swirl again to mix the agarose.  Keep repeating 

these brief exposures. (note: this process should be carefully monitored to 
avoid boil over.  In addition use gloves or a paper towel to protect your 
hands from the hot flasks) 

d. After the agarose is completely dissolved, place the flask in a 50o water 
bath to cool the agarose solution. 

e. While the agarose is cooling, prepare the gel bed by carefully taping the 
ends such that the molten agarose cannot leak; place a comb in the bed 
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f. When the agarose has cooled to 60o or lower, add 3 ul ethidium bromide, 
mix and wear gloves in this and subsequent steps because ethidium 
bromide is a caricingen.  Pour the agarose in the bed 

g. After the agarose has solidified, place the bed in the electrophoresis 
apparatus containing 300ml TAE buffer and remove the comb.  The gel 
should be completely submerged in the TAE buffer. 

h. Load 15 ul of your sample into one lane and 5 ul into another.  When 
loading, the pipet tip should be below the surface of the buffer and 
positioned above the well.  The sample should naturally settle into the 
well. 

i. Load 5 ul of a Hind III digest of phage lambda DNA 
j. Hook up the gel to the power supply and run at 75 volts. 
k. Monitor the progress of the tracking dye. 
l. At intervals remove the gel from the bed (wearing gloves) and observe 

under a transilluminator. 
 

 
 
CE7-- UV radiation inactivation 
 
 Because of its extreme importance in the processes of aging and carcinogenesis, 
much attention has focused on DNA damage and the various mechanisms that recognize 
and repair DNA damage.  Ultraviolet (UV) radiation has been a convenient and 
inexpensive agent with which to induce a specific set of DNA lesions.  The inexpensive 
low pressure mercury fluorescent lamps emit large amounts of 254nm radiation, which 
coincides nicely with the absorption maximum of DNA.   Cyclobutane dimmers, a series 
of photoproducts that involve covalent linkages between adjacent pyrimidines, are the 
most common lesion induced by UV (sometimes referred to a germical) radiation.   

Despite functional DNA repair mechanisms, there becomes a point at which 
damage is so overwhelming that organismal lethality is the ultimate result.  We will 
demonstrate this in today’s exercise by irradiating N2 (our now familiar wild type) 
embryos with UV radiation and scoring for their ability to complete development.  This 
will be accomplished by first preparing a staged population of embryos.  This is 
necessary because radiation sensitivity differs dramatically in this organism as a function 
of developmental stage; specifically, embryos are more sensitive than larvae (in fact, 
young embryos of fewer than 50 cells are more sensitive than older embryos).   This 
synchronous population will then be exposed to different doses of UV radiation and 
survival will be determined in the next lab period.  In addition to N2, we will use PH356, 
which has a mutation in the rad-3 gene.  This mutation renders animals partially DNA 
repair deficient and, consequently, hypersensitive to inactivation by UV radiation.  
 
Day One 

1. Gently add approximately 3 ml of water to a petri dish containing a mixed 
population of worms and rock the dish back and forth to suspend the adults and 
larvae (most embryos that are already laid will be retained in the bacterial lawn), 
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2. Transfer the contents to a 15 ml centrifuge tube 
3. Repeat this process (you now have a mixed population, consisting of various 

larval stages as well as gravid hermaphrodites). 
4. Allow the contents to settle by gravity for 5 minutes 
5. Using the same pasteur pipette, remove all but the last 0.75 ml from the tube, 

taking care not to disturb the pellet of worms at the bottom.   
6. Add 200 ul 5% sodium hydrochloride (Clorox bleach) and 50 ul 4NaOH.  This 

alkaline bleach solution will dissolve all larval and adult stages, leaving behind 
the liberated embryos, which are transiently resistant to its effects owing to a lipid 
layer surrounding the egg shell. 

7. Gently and continuously mix the alkaline bleach solution.   At roughly 3 minute 
intervals, remove small aliquots (ca. 20 ul)  to follow the degradation of the 
worms.  Place the samples on the lid of a petri dish and view at 30-40X 
magnification. 

8. After 5-10 minutes (at the point in which all the carcasses have been completely 
broken down), pellet the eggs by centrifugation in a clinical centrifuge (making 
sure that the tubes are balanced!).  To this by spinning for 30 seconds at setting 3. 

9. After centrifugation is complete, immediately remove the tube and pour its 
contents down the drain with running water. The pellet of embryos should remain 
attached to the tube. 

10. Add one milliliter of water and mix completely  
11. Withdraw 50 ul and spot on the lid of a petri dish to approximate the number of 

embryos in this volume. 
12. If necessary, dilute the egg suspension such that there are between 50 and 150 

embryos per 50 ul. 
13. Mixing continuously to insure that the eggs remain suspended, transfer 50 ul 

aliquots to a series of petri dishes labeled as given in table one.  
14. Irradiate with the lids off as indicated in table one 

 
Day Two 

1. Recover plates from the incubator and score for survival.  The number of 
survivors is given as the number of L4s and adults on the plate. 

2. Record these data in table one 
3. Determine surviving fraction for each irradiation dose by dividing the survivors at 

that dose by the number of L4’s and adults on the unirradiated control plate 
4. Plot these data in figure one. 
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         Wild type (N2)    rad-3   
Time (sec) #L4/Adults Surviving 

fraction 
Time (sec) #L4/Adults Surviving 

fraction 
        0           0   
       30           5   
       60          10   
       90          15   
     120          20   
     150      
     180      
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MG1--  Plasmid preparation and analysis  
 
This exercise was adapted from the TCU Microbiology Laboratory Exercises manual 
(coauthored by Hartman and Paquet) and Molecular Cloning (by Sambrook et al; Cold 
Spring Harbor Press). 
 
In this exercise we will first perform a plasmid preparation, isolating a plasmid from E. 
coli.  We will then analyze the plasmid by transforming it back into E. coli as well as by 
digesting with various restriction enzymes.  The restriction digests will be subjected to 
gel electrophrosis in order to determine the sizes of the various DNA molecules. 
 
 
Day 1--Plasmid Purification 
 Plasmid DNA is relatively small (compared with chromosomal DNA) and is 
covalently closed.  Plasmid DNA has been traditionally purified by lysing the host 
bacteria and centrifuging at low speed to remove chromosomal DNA, debris and various 
small mammals (just checking to see if you’re really reading this stuff).  This is followed  
by equilibrium centrifugation in CsCl-ethidium bromide gradients, which separate the 
plasmid DNA from the RNA, plasmid, and remaining chromosomal DNA. This method 
is expensive and time-consuming and has been largely replaced with quicker, cheaper 
methods.   
 
Working in pairs, we will use the following protocol: 

1. Pour 1.5 ml of a bacterial culture into a microfuge tube.  Centrifuge at 12,000g for 
30 seconds in a microfuge.   

2. Remove the medium by inverting the tube.  To leave the bacterial pellet as dry as 
possible, use a paper towel to remove most remaining supernatant. 

3. Resuspend the bacterial pellet in 100 µl of ice-cold solution I by vigorous 
vortexing. 

Solution 1: 
50 mM glucose 
25 mM Tris Cl 
10 mM EDTA 

4. Add 200 µl of freshly prepared Solution II. 
0.2 N NaOH 
1% SDS 
Close the tube tightly and mix the contents by inverting the tube rapidly 
five times.  The entire surface of the tube should come into contact with 
solution II.  Do not vortex and store the solution on ice. 

5. Add 150 µL of ice cold solution III. 
5 M potassium acetate 60 ml 
acetic acid    11.5 ml 
H20    28.5 ml 
 
Close the tube and vortex it gently in an inverted position for 10 seconds 
to disperse Solution III through the microfuge tube.   
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At this stage, the media should by highly viscous. 
Store the tube on ice for 3-5 minutes. 

6. Centrifuge at 12,000g for 5 minutes at in a microfuge.  Transfer the supernatant to 
a fresh tube. 

7. Add an equal volume (approximately 400 µl) of chloroform.  Mix by vortexing.  
After centrifugation at 12,000g for 2 minutes in a microfuge, transfer the 
supernatant to a fresh tube. 

8. Precipitate the nucleic acids with 2 volumes of ethanol (approximately 800 µl) at 
room temperature.  You should be able to see the strands form string- like 
structures in the ethanol as they precipitate out of solution (high pizzaz factor for 
science nerds).  Mix by vortexing and allow the mixture to stand for 2 minutes at 
room temperature. 

9. Centrifuge at 12,000g for 5 minutes in a microfuge. 
Remove the supernatant by inverting the tube.  Stand the tube in an inverted position on a 
paper towel to allow all of the fluid to drain away.  Remove any drops of fluid adhering 
to the walls of the tube. (Note: In molecular biology, the pellets after microcentrifugation 
are often very small and difficult to visualize.  In fixed angle microcentrifuges, the pellet 
will be on the side of the tube rather than at its very bottom.  But which side?  Here’s a 
cleaver microfuge tip that will draw your attention to the pellet:  always place the tube in 
the microfuge such that the hinge on the tube is facing outward.  As a result, the hinge 
will be aligned with the pellet) 

10. Rinse the pellet with 1 ml of 70% ethanol at 4°C.  Remove the supernatant as in 
step 10, and allow the pellet to dry in the air for 10 minutes. 

11. Re-dissolve the nucleic acids in 50 µl of TE (pH 8.0) containing DNAase-free 
pancreatic RNAase (20 µg/ml).  Vortex briefly.  Store at -20°C. 

 
 
 
 
Day 2: transformation and restriction digestion 
Transformation is the uptake of naked DNA and is the most common method of 
transferring DNA to bacteria once it has been manipulated in vitro.  Competent bacteria 
are those that are capable of serving as recipients of transformed DNA.  Through Mandel 
and Higa’s experimentation, we learned that bacteria treated with ice cold CaCl2 that 
were briefly heated could be transfected with bacteriophage DNA.  The same method was 
discovered to be effective in transformation with plasmid DNA.  The treatment of CaCl2 
induces a transient state of “competence” in the recipient bacteria during which they can 
take up DNA from a variety of sources. 
 
We will be preparing stocks of competent bacteria based upon the Cohen procedure.  
This protocol usually creates batches of competent bacteria that yield 5 x 106 to 2 x 107 
transformed colonies per microgram of supercoiled plasmid DNA.  This efficiency of 
transformation allows for all routine cloning of plasmids to be performed with ease. 
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Steps 1-5 will be performed by your instructor. 
 

1. Pick a single colony (2-3 mm in diameter) from a plate freshly grown for 16-20 
hours at 37°C and transfer it into 100 ml of LB broth medium in a 1-liter flask.  
Incubate the culture for about three hours at 37°C with vigorous shaking (300 
cycles/minute in a rotary shaker).  For efficient transformation, it is essential that 
the number of viable cells should not exceed 108 cells/ml.  To monitor the growth 
of the culture, determine the OD600 every 20 – 30 minutes. 

2. Aseptically transfer the cells to sterile, disposable, ice-cold 50 ml polypropylene 
tubes (Falcon 2070).  Cool the cultures to 0°C by storing the tubes on ice for 10 
minutes.  Important:  All subsequent steps in this procedure should be carried 
out aseptically. 

3. Recover the cells by centrifugation at 4000 rpm for 10 minutes at 4°C . 
4. Decant the media from the cell pellet.  Stand tubes in an inverted position for one 

minute to allow the last traces of media to drain away. 
5. Resuspend each pellet in 10 ml of ice-cold 0.1M CaCl2 and store on ice. 
 
The students will perform the following steps: 
6. Label two microcentrifuge tubes (1, 2) and chill on ice. 
7. Add 0.5 ml E. coli to each tube and centrifuge for 30 seconds in the 

microcentrifuge.  Make sure the centrifuge is balanced! 
8. Quickly decant the supernatant down the sink and place the tubes back on ice. 
9. Using a sterile 1 ml pipette, add 0.1 ml ice cold 0.1M CaCl2 to each tube. 
10. Resuspend cells using the vortex and return to ice. 
11. Using a P20 micropipette with a yellow tip, add 5 µL of pGlo DNA to tube 1 and 

change tips.  Tube 2 serves as a negative control. 
12. Store the tubes on ice for 3 minutes. 
13. Transfer the tubes to a rack placed in a water bath that has been preheated to 

42°C.  Leave the tubes in the rack for exactly 90 seconds.  Do not shake the tubes. 
14. Rapidly transfer the tubes to an ice bath.  Allow the cells to chill for 1-2 minutes. 
15. Add 0.5 ml of LB medium to each tube.  Mix gently.  Incubate the cultures for 20 

minutes to allow the bacteria to recover and to express the antibiotic resistance 
marker encoded by the plasmid. 

16. Gently mix each tube to evenly distribute the bacteria.  Using a P200 
micropipette, add 0.1 ml of transformed competent cells onto agar containing  L-
arabinose and 60 µg/ml ampicillin.  Label these plates 1 and 2.  Using a sterile 
inoculating loop, gently spread the transformed cells over the surface of the agar 
plate.  Also add 0.1 ml from tube 2 to a third plate that does not contain 
ampicillin. 

17. Incubate the plates for 24 hours at 37°C.   
18. Examine plates during the next lab period.  Count the number of colonies on each 

plate, remembering that each colony corresponds to one transformant.  What was 
the purpose of plate 2 and 3? 
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Digestion with Restriction Enzymes: 
 Restriction enzymes (also known as restriction endonucleases) have played a vital 
role in recombinant DNA technology.  Restriction enzymes are enzymes that bind to and 
cleave DNA at specific sites within or adjacent to a particular sequence known as a 
recognition sequence. Restriction enzymes can be classified into three types: Type I, II, 
and III.  Type II is the most widely used in molecular cloning.    

Type II restriction/ modification systems are binary systems consisting of a 
restriction endonuclease that cleaves a specific sequence of a nucleotide and a separate 
methylase that modifies the same recognition sequence (thereby protecting that sequence 
from digestion by the restriction enzyme).  Hundreds of type II restriction endonucleases 
have been isolated and many are routinely used in molecular cloning.  One important 
consequence of digesting DNA with type II restriction enzymes, as opposed to other 
DNAases, is that specific fragments of different sizes will be generated.  For example, 
bacteriophage lambda DNA has five HindIII recognition sites, which generates six 
fragments ranging from 0.5 to 23 kilobases. 
 We will demonstrate the specific nature of restriction enzymes by digesting 
plasmid pGlo with two restriction enzymes – EcoR1 and HindIII.  It is particularly 
critical that a separate pipet tip is used for each operation to minimize the chances for 
contamination.  The enzymes should always be kept on ice before their addition to the 
reaction tube while the buffer should be removed prior to use since it will remain frozen. 
 

1.  Label the caps of three microfuge tubes d, e, and f.   
2. Using a P20 for this and all subsequent operations, add 16 µl of a solution 

containing the pGlo you purified last laboratory.  Make sure this and all other 
ingredients are added to the very bottom of the tube.  

3. Add 2 µl of 10X HindIII buffer to tube d and e.  Add 2 µl of 10X EcoR1 
buffer to tube f.  (The buffers differ chiefly in the concentration of NaCl that 
they contain.) 

4. Add 1 µl of HindIII to tube d and 1 µl of EcoR1 to tube f.  (Tube d serves as 
our undigested control) 

5. After capping the tube, mix by tapping with your finger.  Place the tubes in a 
microfuge and spin for 3 seconds to recover all liquid to the bottom of the 
tube. 

6. Incubate at 37°C for 60 minutes. 
7. Add 5 µl of tracking dye to each tube and repeat step 5.  

  
 
Agarose Gel electrophoresis: 
 Gel electrophoresis is a common practice of separating biological 
macromolecules, particularly nucleic acids.  Gels are most frequently composed of 
agarose or polyacrylamide.  Agarose, which is an extract of seaweed, is a linear polymer.  
The gel is cast by melting agarose in the presence of the desired buffer until a clear, 
homogenous solution is achieved.  The melted solution is then poured into a mold and 
allowed to harden.  Upon hardening, agarose forms a matrix, the density of which is 
determined by the concentration of agarose.  When an electric field is applied across the 
gel, DNA  (which is negatively charged at a neutral pH) travels toward the cathode.  
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Molecular weight markers, molecules of known molecular weight, are loaded into one or 
more lanes.  The purpose of the molecular weight markers is to i) determine whether or 
not there are anomalies with the electrophoretic procedure; and ii) interpolate the 
molecular weights of various molecules in the other lanes. 
 
 A tracking dye solution is typically added to each sample before it is added to a 
well.  Tracking dye solutions will contain: i) one or more dyes that migrate at 
characteristic rates, allowing the electrophoretic progress to be easily monitored; and ii) 
either sucrose or glycerol at a high concentration.  The latter serves to increase the 
density of the sample relative to the running buffer, causing the sample to sink into the 
wells of agarose. 
 The most convenient method of visualizing DNA in agarose gels is to stain the gel 
with the fluorescent dye ethidium bromide.  This substance contains a planar group that 
intercalates between the stacked bases of DNA.  The fixed position of this group and its 
close proximity to the bases cause the dye bound to DNA to display an increased 
fluorescent yield compared to that of dye in free solution.  Radiation at 302 nm is 
absorbed by the bound dye and the energy is re-emitted at 590 nm in the red-orange 
region of the visible spectrum.  Small amounts of DNA (as little as 10 ng in a band) can 
be detected in the presence of free ethidium bromide in the gel.  It should be noted that 
ethidium bromide is a carcinogen and gloves should be worn whenever handling the dye 
or a hardened ge l containing it. 
 
Procedure for making gel: 

1.   Combine 0.4 g agarose and 40 ml TAE 
2. Slowly heat the solution in a microwave oven, stirring occasionally until 

becomes a homogenous, liquid solution.  Take care so that the agarose does 
not boil over. 

3. Carefully place tape on the edges of the gel holder.  The tape should slightly 
overlap the bottom in order to insure that there will be no leakage and take 
special care with the corners. 

4. Before pouring the cooled gel solution, add 1.5 µl ethidium bromide (wearing 
gloves).  Swirl to mix before pouring the gel.  Make certain that agarose has 
cooled to less than 60C before adding the ethidium bromide. 

5. Don’t forget to place the comb in the gel so that the wells will have formed 
once the gel has hardened. 

We digested our plasmid pGlo with EcoR1 and HindIII.  Looking at the figure 
below, we can see that HindIII will cut the DNA at two sites and that EcoR1 will cut the 
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DNA at only one site.  The undigested DNA should be approximately 5.4 kb.  Since 
HindIII cuts in two places, three different complexes should be visible within that 
specific well. Since EcoR1only makes one incision, the DNA is cut to create a single 
molecule of 5.4 kb.  In the negative control sample, it is not unusual to see three bands.  
These three bands represent a linear strand, a circular strand, and an open circular strand.  
       
GFP — The jellyfish gene; codes for the production of Green Fluorescent Protein 
bla — gene that encodes the enzyme beta- lactamase; breaks down the antibiotic 
ampicillin, thus conferring ampicillin resistance upon its host bacterium. 
Ori — origin of pGLO plasmid DNA replication  
araC — gene that encodes the regulatory protein that binds to the pBAD promoter. Only 
when arabinose binds to the araC protein is the production of GFP switched ON 
 

 
Procedure for loading the gel: 
1.    Add 5 µl molecular weight marker to the first well.  
2. Using the P20 micropipette, withdraw 15 µl of a given digest and add it to the 

next well.  Make sure to note which sample goes into which well. 
3. Position the tip directly above a well and slowly discharge the sample into the 

well.  Use your other hand to steady the micropipetter.  Rest your elbows on 
the countertop to steady both hands. 

4. After the samples have been loaded, attach the leads and turn on the power 
supply.  (Make sure that the cathode is at the correct end… “run to red”.) 

5. At various times, you can monitor the progress by turning off the power to the 
gel and placing it on a transilluminator.  Note that the near-UV radiation is 
extremely damaging to biological tissues, particularly those of the eye.  
Consequently, never view the light source directly.  Practically speaking, this 
means either wear glasses when viewing the gel or use a transilluminator that 
is equipped with a clear plexiglass cover that absorbs these short wavelengths 
of light. 

Molecular weight markers are 23.1, 9.4, 6.6, 4.4, 2.3, 2.0 and 0.6K. 
 
 
 
 
 
 
MG2—Gel purification of restriction fragments 

It is sometimes necessary to purify a specific restriction fragment or PCR product 
for subsequent analysis.  DNA can be easily and efficiently removed from agarose gel 
with about an 80% recovery.  To do so, the DNA is first excised from the agarose gel 
with a scalpel.  After excising the DNA, a sodium iodide solution is added to the agarose 
plug that contains the DNA and incubated in order to dissolve the agarose.  A solution of 
silica particles (tradename = Glassmilk) is then added.  Under these high salt conditions, 
the DNA binds to the heavy silica particles.  The matrix is then pelleted and the NaI 
solution removed.  Subsequent washings with a high salt and ethanol solution called 
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NEW helps to remove the NaI and impurities.  The pellet is then resuspended in a low 
salt buffer (TE buffer), which causes the release of DNA from the Glassmilk.  After 
incubation, the Glassmilk is removed by centrifugation.  The supernatant contains eluted 
DNA and can be used for subsequent experimentation (i.e. ligation, digestion, etc.). 
 
Day 1 (electrophroesis to separate restriction fragments): 

1. Prepare an agarose gel as given in exercise MG1.  Remember to take the same 
precautions as given in that exercise. 

2. Load 20 ul of the prepared HindIII digest of phage λ into a well on the gel.  Allow 
the DNA to travel through the gel. 

3. Viewing the gel under the transilluminator, use a scalpel to excise the gel-purified 
band from the gel and place in a microfuge tube. (Make sure to completely excise 
all DNA without excising more than one band.  Trim the agarose to include as 
little excess agarose as possible.) 

4. Weigh microfuge tubes with and without the agarose in order to determine the 
volume of agarose you have.  Roughly speaking, each milligram of agarose 
equates to one microliter of NaI stock solution. 

 
Day 2 (removal of agarose from the excised band): 
1.   Add 2.5 to 3 volumes of NaI stock solution (usually approximately 200-300 uL) 
2.   Incubate for 5 minutes at 45 to 55° C, mixing the tube regularly to dissolve the 
agarose. 
3. Vortex briefly to ensure that the agarose is completely dissolved. 
4. Add 10 ul Glassmilk suspension and incubate at room temperature for 10 minutes to 
allow for binding of DNA to silica matrix (Glassmilk).  Mix every 1-2 minutes to make 
sure the glass milk stays suspended. 
5. Centrifuge Glassmilk/ DNA complex for 5 seconds  Remove the supernatant by 

pouring down the drain 
6. Wash the pellet 3 times with 500 ul NEW (for each wash, add the NEW and pipette 

the pellet up and down several times to ensure the pellet is completely dissolved; then 
microfuge for 10 seconds 

7. Make sure to completely remove all supernatant from the pellet on the final washing.  
Do this by pouring out most of the 500 ul and then use a P20 to remove the balance.  
An additional brief spin in the microfuge will be necessary to position the remaining 
buffer to the bottom of the tube (as opposed to the Glassmilk pellet, which will 
remain on the side of the tube) 

8. Resuspend the pellet in 20 ul TE buffer 
9. Incubate 5 minutes at 50° C.  The nucleic acids should elute into the buffer. 
10. Centrifuge for 30 seconds to pellet the Glassmilk. 
11. Place supernatant (containing your gel purified DNA) in new tube. 
12. Store in the refrigerator until the next lab period. 
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Day 3 (electrophoretic confirmation of gel purification): 
Eighty percent of the DNA should have been retained from the gene clean experiment.   
 
Procedure: 
1.  Add 5 µl of tracking dye to the gel-purified  λ Hind III fragment 
2.  Prepare gel and run DNA on gel as described in previous experiments, using λ Hind 
III DNA as a molecular weight marker. 

 
 
MG3. Protein Purification 

1. Introduction 
Classical biochemistry often involves purification of a protein as a prelude to its 

characterization.  Given that a typical cell extract contains literally thousands of different 
proteins, it becomes quite a task to pur ify any given protein to homogeneity.  
Nonetheless, there are a number of reasonably standard purification procedures that can 
be employed for this purpose.  In this laboratory, we will perform a partial purification on 
the green fluorescent protein (GFP) encoded by our pGLO plasmid. 

In order to monitor the degree of purification, the specific activity is determined at 
each step in the procedure.  Specific activity is typically defined as some measurement of 
protein activity (in our case fluorescence units) divided by the milligrams of total protein.  
This is usually expressed as units/mg total protein.  Consequently, we will determine both 
fluorescence and total protein at each step in our procedure.  Specific activity should 
increase as we purify our protein away from all the other proteins. 

Two primary purification procedures will be employed.  The first involve the use of 
ammonium sulfate to selectively precipitate various cellular components.  Specifically, 
after cell lysis, we will first add ammonium sulfate to sixteen percent saturation.  This 
causes precipitation of bacterial DNA and a number of proteins (primarily membrane-
brand proteins).  These will be pelleted by centrifugation.  Second, the supernatant will 
then be brought to ninety percent saturation with ammonium sulfate.  This causes 
precipitation of most remaining proteins, including GFP.  We will then recover the 
precipitate and proceed to the second purification method, that of gel filtration.   

Gel- filtration, also known as molecular sieving, often employs cross- linked dextran 
beads that have been poured in a column.  The pores in the beads are of a particular size 
such that large molecules are excluded.  As a result, large proteins pass directly through 
the column without filtration.  Conversely, smaller molecules penetrate the pores and are 
separated according to size (as with agarose gel electrophoresis, the smaller the protein 
the less retardation).  Sephadex beads are available with a number of properties that 
roughly correspond to the size range of proteins they effectively separate.  We will use 
Sephadex G-75, which resolves proteins between 3,000 and 70,000 daltons.  The 
procedure is simple.  After preparing the column, our sample will be layered on top and 
allowed to pass through the column.  We will periodically add a buffered solution and 
collect fractions.  Each fraction will then be analyzed for both fluorescent units and total 
protein.  Collectively, these data will allow us to determine our specific activity and 
hence our degree of purification for each fraction.  In addition, we will be able to 
determine our yield; that is, how much GFP we recovered from the original sample.   
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2. Procedure (working in small groups) 
Day One (Growth and concentration of bacteria) 

1. To pellet the bacteria; place twelve milliliters of an overnight culture of 
bacterial strain pGLO (grown on LB + ampicillin + arabinose) in a blue-
capped 15ml centrifuge tube and spin at 3000 x G for ten minutes at 15 oC.   

2. Pour off the supernatant and resuspend the cells in 1.5 ml TE buffer.  Shake 
vigorously to insure the cells are completely resuspended before proceeding 
on to step 3.   

3. Add 100 ul of a 1mg/ml solution of lysozyme and incubate at 37oC for 30 
minutes.  Lysozyme breaks down the peptidoglycan in the bacterial cell wall. 

4. Place the suspension in the freezer until the next class period.  
 
Day Two (Lysis and Ammonium sulfate precipitation) 

1. Thaw the cells by removing them from the freezer.  Freezing and thawing 
promotes cell lysis. 

2. Remove 100 ul to a microfuge tube for subsequent analysis (=sample 1). 
3. Add 110 mg ammonium sulfate, bringing the solution to 16% saturation.  Mix 

thoroughly until the ammonium sulfate is completely dissolved.   
4. Let stand at room temperature for 15 minutes.   
5. Microfuge (12000 x G) for ten minutes. 
6. Using a large disposable pasture pipet, recover the supernatant into a clean 

microfuge tube. 
7. Withdraw 100 ul to another microfuge tube for subsequent analysis (=sample 

2).  
8. Adjust the volume to one milliliter and add an additional 480 mg ammonium 

sulfate, bringing the solution to 90% saturation when the salt is completely 
dissolved.   

9. Place the microfuge tubes on a “lab quake” and mix for 20 minutes. 
10. Spin for 10 minutes in a microfuge.  
11. Remove the surface layer of precipitation from the tube (using a yellow pipet 

tip) (but don’t throw it away!) and pour out the supernatant, inverting the tube 
onto a paper towel to remove as much supernatant as possible. 

12. Place the surface precipitate back into the tube and add 100 ul TE buffer,  
13. Mix to resuspend the precipitated proteins.  Withdraw 20 ul to a separate 

microfuge tube (=sample 3). 
 
Day Three  (Gel filtration) 

1. Prepare the Sephadex column by first placing a small amount of fiberglass 
into a short pasteur pipet. 

2. Use the tip of a long pasteur pipet to crimp the glass fibers down into the tip 
of the pasteur pipette. This acts as a plug to retain the Sephadex in the column. 

3. Secure the column with a clamp on a ring stand.   
4. Slowly add Sephadex G-75 with a Pasteur pipet. Allow it to dribble down the 

sides of the column taking care that no air bubbles form in the process.  
Continue to add Sephadex G-75 until the column has “packed” to within one 
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inch of the top.  During this time, TE buffer will slowly drip out of the column 
so make sure there is a beaker underneath it to collect the run through.   

5. After the column has been fully poured and no TE buffer remains above the 
Sephadex, place a microfuge tube underneath the column and use a P.200 to 
add 100 ul of your resuspended protein solution to the top of the column.  
Collect the resulting 100 ul flow through.  After the solution has entered the 
sephadex completely, add a second 100ul aliquot of TE buffer and collect the 
flow through into the same tube. 

6. Repeat this process an additional four times such that the first six fractions are 
collected into a single microfuge tube (Fractions 1-6). 

7. Continue this process an additional eight times except now collect each 
fraction into separate tubes, labeling the tubes 7-15.   

 
Day Four (Quantitation of fluorescence and total protein) 

Fluorescence Determination (record your data in Table 1) : 
1. Add ten microliters of the relevant sample to two milliliters water in a cuvette.  
2. Mix thoroughly using parafilm to cover the mouth of the cuvette. 
3. Place the cuvette in the fluorometer and determine fluorescence. 
4. Clean the curvette with diH2O in between samples. 

 
Protein Determination (record your date in Table 1) : 

1. Generate a standard curve by adding to a microfuge tube: 200 ul Bradford 
reagent, 200 ul water, and either 0, 5, 10, 15, or 20ul from a 1mg/ml bovine 
serum albumin (BSA) stock solution. [How much protein is present in each of 
these standards?] 

2. Mix thoroughly and place in glass spectrophotometer tube 
3. Add water to achieve a total volume of 2ml (as indicated by the mark on the 

tube) and mix thoroughly. 
4. Determine the optical density by first “blanking” the 0 BSA tube on the 

spectrophotometer.  This is achieved by pressing the 0 ABS/100% P button 
when the spectrophotometer is set to a wavelength of 595nm.  After the 
“Blank” has been employed to establish the 0 absorption, determine the 
absorption of the four remaining tubes.  

5. Repeat this process for each of the samples generated in the protein 
purification procedure using 10 ul from each. 

 
3.  Data analysis: 

Use Figure 1 to generate your standard curve for protein determinations.  Complete the 
table and, for each sample, calculate the specific activity (expressed as U/mg protein).  
Also calculate the yield at each step along the way. Finally, use the data in the table to 
complete Figure 2. 
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Table 1. Purification of GFP from pGLO: 

Sample FU/10 ul A595(Bradford)/10ul mg protein/10 ul Specific activity 
(U/mg protein) 

Total FU in 
sample 

Crude 
extract 

     

16% 
supernatant 

     

90% pellet 
 

     

Fractions 1-
6 

     

Fraction 7 
 

     

Fraction 8 
 

     

Fraction 9 
 

     

Fraction 10 
 

     

Fraction 11 
 

     

Fraction 12 
 

     

Fraction 13 
 

     

Fraction 14 
 

     

Fraction 15 
 

     

 
Note: specific activity is given by the number of fluorescence units in a given column 

divided by the total protein in that same column (e.g., column 2 divided by 
column 4).  Total fluorescence units is given by multiplying the total column of 
that sample by column two and divided by 10. 
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Experiment MG-4: In Vitro Mutagenesis 
Traditional genetics begins with in vivo mutagenesis, in which the entire organism is 

mutagenized in order to increase the probability of recovering mutants in the subsequent 
mutant hunt.  The main problem with this approach is that all genes are susceptible to 
mutation, not just those of interest to the investigator.  In addition, the specific mutation 
in a given gene is more-or-less random.  In vitro mutagenesis holds the advantage in the 
investigator can specifically mutagenize a given gene of choice.  Moreover, it is possible 
to introduce any specific mutation into the gene of interest.  For example, if someone 
were interested in learning the effects of substituting a proline for valine at position 105 
of a protein, in vitro mutagenesis can be employed to introduce the specific missense 
mutation that leads to this substitution.   

We will do a somewhat simplified in vitro mutagenesis experiment in which we use restriction 
digestion to introduce a deletion in our pGLO plasmid.  If successful, this should delete a 
portion of the GFP gene, which should be readily detected.  Referring to the map of 
pGLO shown for experiment MG1, note that HindIII digestion should cut twice in the 
GFP gene.  Therefore, gel purification of the largest of the resultant three fragment 
should yield a linear fragment that includes the origin of replication and the ampicillin 
resistance gene.  This fragment has HindIII sticky ends and can be ligated to yield a 
plasmid with a deletion in most of the GFP gene.  Digestion with EcoR1 is a control, 
since it cuts only once and therefore no DNA is lost from the plasmid. 

 
Day One- Digest pGLO with Hind III and EcoR1: 

1. Using a P20 for this and all subsequent operations, add 16 µl of a solution 
containing purified pGlo into two separate microfuge tubes.  Make sure this and 
all other ingredients are added to the very bottom of the tube.  

2. Add 2 µl of 10X HindIII buffer to the first tube.  Add 2 µl of EcoR1 10X buffer to 
the second tube.   

3. Add 1 µl of HindIII to tube 1 and 1 µl of EcoR1 to tube 2.  
4.   After capping the tube, mix by tapping with your finger.  Place the tubes in a 

microfuge and spin for 3 seconds to recover all liquid to the bottom of the tube. 
5. Incubate at 37°C for 30 minutes. 
6. During the incubation, you can begin to make the gel that will be used to analyze 

the results of the restriction digest. 
7. Add 5 µl of tracking dye to each tube.  
8.  Load the entire digestion in a single lane of the gel 
9. Excise the desired band from both digested strands of DNA.   

 
  

Day Two-Gel Purification of the plasmid containing the deletion 
1. Add 2.5 to 3 volumes of NaI stock solution (usually approximately 200-300 uL) 
2. Incubate for 5 minutes at 45 to 55° C to completely dissolve agarose 
3. Vortex to ensure that the agarose is completely dissolved 
4. Add 10 ul Glassmilk suspension and incubate at room temperature for 10 minutes 

to allow for binding of DNA to silica matrix.  Mix every 1-2 minutes to make sure 
the glass milk stays suspended. 
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5. Centrifuge the tube for 5 seconds 
6. Remove the supernatant  
7. Wash the pellet three times with 500 ul NEW (pipette the pellet up and down 

several times to ensure the pellet is completely dissolved). 
8. Make sure to completely remove all supernatant from pellet on the final washing.  
9. Resuspend the pellet in 20 ul TE buffer 
10. Incubate five minutes at 50° C 
11. Centrifuge for 30 seconds. 

13. Place the supernatant in new tube.(MICROSOFT AUTOFORMATTING SUCKS!!) 
14. Set up the ligation as follows: 
 
 Tube  A Tube B Tube C Tube D 
10X buffer 2 2 2 2 
DNA 1 of HindIII 17 of HindIII 1 of EcoR1 17 of EcoR1 
Water 16 0 16 0 
Ligase 1 1 1 1 
 
15. Incubate at 15°C until next lab period.  

  
 
Day Three—Transformation of Deletion  
 

1. Obtain 6 tubes of frozen competent cells, one for every transformation being 
made. KEEP THE CELLS ON ICE! 

2. Using a P20 micropipette with a yellow tip, add 10 µL of ligated DNA to tube 1 
3. changing tips with each transfer, add the same volume from ligation B to tube 2; 

ligation C to tube 3 and ligation D to tube 4. 
4. For a positive control, add 1µl of pGLO mini-prep undigested to tube 5. 
5. For a negative control, add nothing to tube 6.    
3. Store the tubes on ice for 10 minutes. 
4. Transfer the tubes to a rack placed in a water bath that has been preheated to 

42°C.  Leave the tubes in the rack for exactly 90 seconds.  Do not shake the tubes. 
5. Rapidly transfer the tubes to an ice bath.  Allow the cells to chill for 1-2 minutes. 
6. Add 0.5 ml of LB medium to each tube.  Mix gently.  Incubate the cultures for 20 

minutes to allow the bacteria to recover and to express the antibiotic resis tance 
marker encoded by the plasmid. 

7. Gently mix each tube to evenly distribute the bacteria.  Using a P200 
micropipette, add 0.1 ml from each transformation mixtur to a separate plate 
containing  L-arabinose and ampicillin.  Label these plates 1 through 6.  Using a 
sterile inoculating loop, gently spread the transformed cells over the surface of the 
agar plate.  Make sure to flame sterilize your loop in between each plate.  

8. Incubate the plates for 24 hours at 37°C and then transfer to 4C until the next lab 
period.  
 
 

 Day Four--  Analysis of  Transformants 
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1. Count the number of colonies on each plate. 
2. Examine the plates under the near-UV light.  Bacteria with a functional GFP 

gene will fluoresce a distinct green (hey, it’s green fluorescent protein, isn’t 
it?).  We would anticipate that our deletion mutation would not fluoresce. 

3. Perform a colony prep of representative colonies to determine their size as 
follows:  

a. Use an inoculating loop, transfer a large colony to a microfuge tube 
containing 50 ul of 10 mM EDTA 

b. Add 50 ul of freshly made 0.2 N NaOH, 0.5% SDS, 20% sucrose 
c. Vortex for 30 seconds 
d. Add 15 ul tracking dye and vortex 30 seconds 
e. Spin 3 minutes in a microfuge  
f. Load 20 ul into an agarose gel and electrophorese. 

 
 
 
Experiment MG-5: Induction of Gene Expression 

When describing growth of E. coli and other unicellular organisms, we are 
referring to the growth in the number of cells rather than the growth in the size  of cells.  
This can be readily measurd by inoculating bacteria into a broth medium such as LB and 
then periodically assessing cell number, most commonly by actually plating to determine 
the number of viable cells or by measuring the optical density.  The growth follows a 
series of stages, beginning with the lag phase.  In this phase, the bacteria are acclimating 
to their new environment, and little growth occurs.  The next phase is the logarithmic 
phase, also known as the exponential phase, where growth occurs at a specific rate 
dependent upon the strain of bacteria and the growth conditions.  Under ideal conditions, 
E. coli doubles about every 22 minutes in the exponential phase.  If a single E. coli was 
inoculated and allowed to growth in exponential phase for 24 hours the resultant culture 
would weigh more than the earth!!!  Clearly this doesn’ t happen, because the culture 
quickly transitions into a stationary phase where nutrients have become exhausted and 
toxic metabolites accumulate.  In this phase, the number of dividing cells is proportional 
to the number of cells dying.  Eventually the culture would enter the decline or death 
phase.  

We will use a spectrophotometer to measure optical density at 590nm.  This is a 
quick and accurate method to measure the growth of bacteria, as there is a direct 
correspondence between the number of cells and turbidity of the broth. We will also 
measure GFP expression using a fluorometer. We will perform these measurements in 
three separate flasks.  The first two will contain an E. coli stain with the pGLO plasmid.  
The third culture (DH5α) is also a strain of E. coli but it does not encode GFP. After the 
cultures have reached the log phase, we will add arabinose.  This should result in 
induction of GFP expression since the gene is under the control of an arabinose- inducible 
promoter (see the figure in Exp MG1).  To the second culture we will also add 
rifampicin, an antibiotic that inhibits protein synthesis.  We would expect rifampicin 
addition to both curtail growth and prevent the induction of GFP in this second culture.  
We will add arabinose to the third culture but expect no GFP activity at all since the gene 
is not present. 
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Day One—Collection of samples 
1. Add 2 ml each of an overnight culture of pGLO to 100 ml LB broth in flasks labeled 

1 and 2. 
2. Add 2 ml of DH5α to a third flask containing 100 ml LB broth.  

At the times indicated in the table, remove 1.5 ml into a microfuge tube and 
immediately place in an ice water bath to stop growth 

3. After the samples have cooled for at least 10 minutes, place in the freezer for analysis 
next period.  

4. At 90 minutes, add 2 ml of 20% arabinose to each flask.  Also add 20 mg rifampicin 
to flask 2. 

 
Day Two—Analysis of samples 

1. Determine the initial optical density at 590nm and fluorescence at 590 nm for 
each sample as follows: 

a. Thaw the samples in an ice bath 
b. Microfuge for 3 minutes to pellet the bacteria 
c. Completely resuspend in ice cold water 
d. Repeat steps b and c two more times, for a total of three washes 
e. Place 100 ul of the washed cell suspension in a cuvette, mix well and 

measure fluorescence 
f. Place one milliliter of the cell suspension in a spectrophotometer tube, add 

one milliliter of water, mix well and measure the optical density at 590nm 
2. Record your results in the table and plot them on graph paper. 

 
   Culture 1(pGLO)       Culture 2(pGLO+rif)       Culture 3 (DH5α ) 

Time O.D. Fluorescence O.D. Fluorescence O.D. Fluorescence 
0       
15       
30       
45       
60       
75       
90       
93       
96       
99       
102       
105       
110       
125       
140       
MG7--Ultraviolet Radiation Mutagenesis 
 
A.  Introduction: 



 47 

 
The isolation and characterization of mutants are fundamental to the field of 

genetics.  In fact, classical “forward” genetics consists of mutagenizing the organism of 
choice, isolating mutants on the basic of some phenotype and then characterizing those 
mutants.  This is as opposed to “reverse” genetics, which begins with in vitro 
mutagenesis of an already cloned gene. There are literally thousands of books and tens of 
thousands of publications devoted to DNA damage, DNA repair and mutagenesis.  You 
should review your genetics text and notes in order to better understand the background 
information relevant to this laboratory. 
 
 In this experiment, we will expose two strains of E. coil to germicidal (254 nm) 
radiation.  This induces a variety of DNA photoproducts, the most prevalent of which are 
cyclobutane dimers.  One of the bacterial strains (CA8000) is wild type with respect to its 
DNA repair capacity.  The second strain (DH1) has a mutation in the recA gene.  As a 
result, this strain is both defective in genetic recombination as well as a variety of DNA 
repair mechanisms, one of which is “error prone.” Consequently, we would anticipate 
seeing two phenotypes of the recA mutant in our experiment.  First, it should be 
hypersensitive to inactivation by ultraviolet radiation.  Second, because error prone DNA 
repair is inoperative, its mutation frequency should be lower than that of wild type.   
 
 In order to conveniently assess mutation frequency, it is necessary to have some 
sort of selection system such that rare mutants are readily distinguished and recovered 
from the vast majority of non-mutant organisms. In our case, we will employ resistance 
to the antibiotic rifamycin.  Mutations to a subunit of a RNA polymerase confer 
rifamycin resistance.   
 
B. Procedure: [see Figure 1 for a flow diagram] [work in pairs, with one-half of the class 
using CA8000 and the other half using DH1] 
 
 
Day one 

1. Sub-culture an overnight culture of strains CA 8000 (wild type) and DH1 
(recA) by diluting one to twenty in LB medium and grow with aeration for 3 
hours at 37OC. [This will be performed by your instructor prior to laboratory]   

2. Using the blue-capped tubes, pellet five milliliters of one culture by 
centrifugation, making sure to balance the tubes such that the centrifuge is not 
destroyed, and then re-suspend the cells in an equal volume of 0.1 MMgSO4.,  
Mix the cells thoroughly to insure the pellet is disassociated into individual 
bacterial cells. 

3. Place the cell suspension in an empty sterile petri dish. 
4. Prepare microfuge tubes for either diluting the cultures in order to determine 

the amount of killing or outgrowing the cultures in order to determine 
mutation frequency (by adding 0.9 ml sterile LB broth). For viable counts, 
adding 10 ul to 1 ml sterile water constitutes a 1:100 (102) dilution.  Adding 
100 ul to 900 ul constitutes a 1:10 dilution.  Give thought (before lab!) to a 
dilution scheme that allows you to achieve the final dilutions called for in 
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Table 1.  Remember that you will ultimately add 100 ul to the surface of an 
agar plate.  Since viable cells are express as X cells/ml, plating 100 ul is 
effectively equivalent to diluting the culture 1:10.    

5. For the O time point, pipet ten microliters (using a P.200) into a dilution tube 
(a microfuge tube containing 0.9 ml of sterile water) to determine viable count 
(survival).  Also remove 100 ul into a sterile microfuge tube containing 0.9 ml 
of sterile LB broth to outgrow the culture.   

6. Expose the cell suspension to UV radiation for the time indicated in Table 1.  
Make sure to mix the cell suspensions by rocking the dish back and forth and 
wear protective gloves during irradiation.  You must irradiate the cell 
suspensions with the lid off.  Why?   

7. To obtain a viable count at each time point, dilute the cells as indicated in the 
table, ultimately plating one hundred microliters of the appropriate solution 
onto the surface of an LB agar dish.  Flame sterilize your glass spreader by 
dipping it in ethanol and briefly passing it through the Bunsen burner.  Then 
spread the solution evenly across the surface of the petri dish.  Incubate both 
the petri dishes and the inoculated LB broth overnight at 37OC.  

8. Transfer both cultures to the refrigerator the next day. (Hey, maybe your 
instructor will do this for you?) 

 
 
  Day Two 

1. Count the number of survivors, filling in Table 2, in order to generate an 
inactivation curve.   

2. Dilute and plate the standing overnight cultures on LB agar plates (to 
determine overnight viable cell counts) as well as on LB agar plus rifamycin 
(in order to determine the number of mutations).  The appropriate dilutions are 
given in the table.  

3. Incubate both sets of plates overnight at 37oC. 
4. Transfer the plates to the refrigerator the next day.   

 
Day  Three 

1. Count the numbers of colonies on the LB and LB plus rifamycin plates.   
2. Use sterile toothpicks to grid 50 colonies from the LB plates of the overnight 

outgrowth culture and 50 colonies from the LB plus rifampicin plates.  First 
inoculate a portion of each colony onto glucose minimal plates and then onto 
LB plates.  Incubate these plates at 37OC. 

 
Day Four 

1. Score the results of the glucose minimal and LB plates; that is, how many of 
the 50 colonies gridded on the plates contained a mutation rendering it 
auxotrophic.  Why did you also plate on LB?   

 
C. Data Analysis 

Complete the appropriate graphs and tables.  To calculate surviving fraction, 
simply divide the number of survivors at each irradiation time by the number of bacteria 
present prior to irradiation (i.e., the zero irradiation time point).  To calculate mutation 
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frequency, divide the number of rifamycin-resistance bacteria per milliliter by the 
overnight viable count.  To calculate the total number of mutants generated by UV 
treatment, first determine the number of viable cells after UV irradiation (determined by 
multiplying the surviving fraction times the number of initial cells) in the zero irradiation 
sample.  The number of viable cells at each time point can then be multiplied by the 
mutation frequency to determine the number of mutants per milliliter before outgrowth.  
Compile the data on the board and use average and standard deviations to graph the data. 

 
Table 1.  Dilutions for this experiment.   
Irradiation Day 1 Day 2 Day 2 
Time (UV) Viable count 

(survival)  
Total (LB) Mutants (LB  + rif) 

0 
5 
10 
60 
120 
180 
240 

107 

105, 107 

103, 105 

105, 107 

104, 107 
103, 105 
103, 105 

107 

107 
107 

107 
107 
107 
107 

101 
101 
101 

101, 103 
101, 103 
101, 103 
101, 103 

Note: the underlined numbers cells indicate the dilutions for DH1; the non-underlined 
numbers indicate the dilutions for CA8000.  The O irradiation part should be plated for 
both strains. 
 
 
Table 2:UV inactivation 
 CA6000 (wild type) DH1 (recA) 
               Time (UV)  (sec)  Viable 

cells/ml 
Surviving 
fraction 

Viable 
cells/ml 

Surviving 
fraction 

0     
5           x        x   
10           x        x   
60             x         x 
120             x         x 
180             x         x 
240             x         x 

 
 
 
 
 
 
 
Table 3: Mutation Frequencies for CA8000 

          CA8000 (wild type)                                DH1 (recA) 
Time 
(UV) sec 

Mutation  
Frequency 

# 
Viable                                     

# mutants 
per 

Mutation 
frequency 

# 
viable 

# mutants 
per 
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cells milliliter cells milliliter 
0        x    x    x    
5        x    x    x    
10        x    x    x    
15       
60       x    x    x 
120       x    x    x 
180       x    x    x 
240       x    x    x 

 
 
 

0.01

0.1

1

10

100

-50 0 50 100 150 200 250

S
ur

vi
vi

ng
 F

ra
ct

io
n

Irradiation Time (seconds)

 
 
 
 
 
 
 
 



 51 

10 -9

10 -8

10 -7

10 -6

10 -5

0 50 100 150 200 250

M
ut

at
io

n 
F

re
qu

en
cy

Irradiation time (second)

 
 
 
 
 
 
 
ME8---- Conjugation 

Conjugation involves the direct transfer of DNA from a male to a female 
bacterium, and is one of three mechanisms of genetic exchange known to occur in 
prokaryotes.  Males, which contain a fertility factor, exist in three different states.  F+ 
cells contain the fertility factor replicating autonomously as a plasmid.  F cekks also 
contain the fertility factor replicating as a plasmid but with some chromosomal DNA also 
attached.  Finally, Hfr cells contain the fertility factor integrated at a specific location in 
the chromosome.  Crosses between Hfr strains and F- strains are at most useful in 
mapping bacteria genes.   
 A number of strategies can be employed in crosses between Hfr and F- cells in 
order to map bacterial genes.  Perhaps the most useful of these are interrupted mating 
experiments in which Hfr and F- strains are mixed to initiate mating.  The mating pairs 
are then interrupted at designated times.  Aliquots are subsequently plated out on 
different media to score for the inheritance of different Hfr markers by the F-.   

The rationale is that DNA is transferred in a unidirectional fashion beginning at 
the point of the fertility factor.  Thus, a given gene will be transferred to the recipient 
only if it occurs before disruption of the conjugal bond.  E. coli genetic map distances are 
expressed in minutes, where 100 minutes is the time necessary to transfer the entire E. 
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coli chromosome from donor to recipient.  In order to perform such experiments, 
selection and counter selection must be employed to insure that only recombinants will 
grow into colonies.  Various selections  are performed to disable the non-recombinant 
recipient strain from growing on the plating media.  Counter-selection is applied against 
the donor strain.  Selection is accomplished by using a prototrophic donor, an 
auxotrophic recipient and plating on media that lack some component (such as an amino 
acid) that is required by the recipient.  Specifically, the donor is streptomycin sensitive 
and the recipient is streptomycin resistant.  Inclusion of the streptomycin in the growth 
media counter-selects against the prototophic Hfr strain.  The minimal media used in the 
experiment are given in Table 2.  We will employ three bacterial strains to perform this 
experiment with the relevant genotypes given below. 
 
Table 1. Genotypes of the three E. coli strains employed in this experiment 

Strain Name Gender Genotype 
CA8000 HfrH thr, strS 
W1895 HfrC MetB, strS 
AB1157 F- thr-1, araC14, leuB6, proA, glnV44, 

hisG, rpsL31(strR), galB, argE3 
 
 
 
Table 2  Minimal media used in this experiment.  Each medium contains a number of 
salts and buffering agents, thiamine, as well as the amino acids histidine, threonine, and 
glutamine.  In addition: 
 
Name Glucose Galactose Proline Leucine Arginine 
Minus Proline (P) + - - + + 
Minus Leucine (L) + - + _ + 
Plus Galactose (G) - + + + + 
Minus Aspartamine (A) + - + + - 
 
 
Table 3.  Times to Interrupt Mating 
     Medium 
Time (minutes) Proline Leucine Aspartamine Galactose 
4 + + + + 
6 + + - - 
8 + + - - 
10 + + + + 
15 + + + + 
20 + + + + 
25 + + + + 
30 - - + + 
40 - - + + 
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Day One 
In this experiment, students will work in small groups.  One half of the groups will utilize 
W1895 and the other half will use CA8000.  More so than with most experiments in this 
course, it is necessary to be appropriately prepared before initiating the experiment.  This 
experiment calls for precise timing and a decisive action in order to guarantee mating is 
interrupted at precisely the correct times.  Therefore, all materials must be laid out, and 
all plates labeled appropriately before the mating is initiated. 

1. Initiate the mating by transferring 1ml of exponentially growing recipient cells (at 
approximately 2x108 cells per milliliter) into a 250ml Erlenmeyer flask.  Place 
this flask in the gyratory shaker at 370.   

2. Add 50 ul of the appropriate Hfr strain (either W1895 or CA800). 
3. After 4 minutes add 9 ml prewarmed LB broth. 
4. Withdraw 0.5 ml samples at the times indicated in table three into sterile 

microfuge tubes.  Immediately disrupt mating by agitating the mating interrupter 
for 10 seconds.   

5. Pipet  25 ul  into 13x100mn test tubes that contain 3 to 4 ml of soft minimal top 
agar.   

6. Briefly roll the tube back and forth in between your hands to mix and immediately 
pour on the appropriately marked petri dish.   

7. Plates will be incubated at room temperature until the next laboratory period.   
 

Day Two 
1. Count the number of colonies on each plate, and record the results in table 3. 
2. The data will be compiled on the board and averaged. 
3. Use these averaged data to complete figures 1A and 1B. 
4. Given that the positions of the fertility factors are known in the two Hfr strains 

(figure 2) complete the figure showing the most probable location of the genes in 
question.   
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Figures 1A and B.  Interrupted mating curves for W1895 and CA8000 when mated with 
AB1157. 
 
 
 
 
 
  HfrH    HfrC 
 1 1 1 1 1 1 1 1 1 1 1  
 85 90 95    100/0 5 10 15 20 25 30 35 
 
 
 
Figure 2.  Genetic map of E. coli 
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OE 1 corn genetics 
 

The use of corn (Zea maize) is long-standing in the field of genetics, with many 
mutants isolated and characterized in the past 70 plus years.  For example, Barbara 
McClintock’s pioneering and Nobel Prize winning experiments with transposable 
elements were conducted using corn.  

As you know, scientists traditionally develop a hypothesis and then generate 
experimental data in an attempt to prove or disprove that hypothesis.  However, most 
experimental data will have some variance simtcply owing to chance.  For example, you 
would predict that repeated coin tosses would yield fifty percent heads and fifty percent 
tails.  Yet a thousand coin tosses rarely yield exactly 500 head and 500 tails.  Certainly, 
503 heads and 497 tails is consistent with a 50-50 ratio.  But what about 545 heads to 455 
tails?  Generalizing this dilemma, how does the scientist determine whether the variation 
between the expected data  (sometimes referred to as the “predicted data” because it is 
predicted by the hypothesis in the absence of any chance variance) – in this case 500 
heads and 500 tails – and the observed data –say 545 heads to 455 tails – is due purely to 
chance.  This is important because greater variation forces rejection of the hypothesis.   

In this laboratory, we will plant and allow corn seeds to germinate.  [Wouldn’t 
you expect at least one corn lab from someone reared in Iowa?]  We will then determine 
the phenotypic frequencies for two genes (dwarf and albino) that we would predict to 
segregate independently of one another.  Give that this is a self-cross, we would predict a 
9: 3: 3:1 phenotypic frequency.  After determining the phenotypic frequencies, we will 
statistically determine whether they are experimentally consistent with a 9:3:3:1 ratio 
using a chi square test as given by the formula  

? 2= ∑ (O-E)2 /E   
Where χ2 is the chi square value; O is the observed number for a particular class, E is the 
expected (or predicted) number.  The symbol ∑ means that (O-E2 /E) should be summed.  
To determine whether the data fit the model, the calculated chi square value is compared 
to a table of chi square values (table 1) in order to find the probability that the differences 
between the observed and expected data are simply due to chance.  The number of 
degrees of freedom is given by the number of different groups minus one.  In our case, 
we have four phenotypic groups (wildtype, dwarf, albino and dwarf albino), so 4 -1=3.  
The smaller the chi square value, the greater the probability of the differences in the 
observed and predicted data occurs purely by chance.  For example, if we obtained a chi 
square value of 1.42 with 3 degrees of freedom, it would mean that 70% of the time we 
would conduct this experiment we would expect a value (reflecting deviations from 
theoretical) of this magnitude purely by chance (see table 1).  On the other hand, if our 
chi square value was greater than 7.82, then there would be less than 5% chance that 
random processes and sampling error were to account for the observed differences.  The 
usual convention is to use a 5% chance (that is, 0.05) or less “significance” into warrant 
rejection into the model.  Thus, when the chi square value exceeds 7.82,  (for three 
degrees of freedom) we would conclude that the phenotypic frequencies are significantly 
different than 9:3:3:3:1, and we would reject our hypothesis. 
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     Chi Square Values 
Degrees 
of 
Freedom 

 
 
.95 

 
 
.90 

 
 
.70 

 
 
.50 

 
 
.30 

 
 
.20 

 
 
.10 

 
 
.05 

 
 
.01 

 
 
.001 

1 004 .016 .15 .46 1.07 1.64 2.71 3.84 6.64 10.83 
2 .10 .21 .71 1.39 2.41 3.22 4.61 5.99 9.21 13.82 
3 .35 .58 1.42 2.37 3.67 4.64 6.25 7.82 11.35 16.27 
4 .71 1.06 2.20 3.36 4.88 5.99 7.78 9.49 13.28 18.47 
 
 
Day  One 

1. Place soil in the provided containers such that it is roughly 6 inches deep 
2. Plant seeds in a pattern such that a distance of roughly 1 inch separates individual seeds.  

Seeds should be pressed into the soil roughly ½ inch deep. 
3. Using tap water, moisten (but do not saturate) the soil.  
4. Place the containers next to the window such that they receive warmth and light from the 

sun.  
 
 
Subsequent days 

1. Gently water the soil to moisten but not saturate. 
 
 
Corn counting day 
 

1.Score the phenotypes of the germinated plants. 
2.Complute your chi square value to see if you should accept or reject the hypothesis that the 

two genes are unlinked.  
 
 
 

Table 2. Chi Square calculations to determine if the data support a 9:3:3:1 ratio. 
Phenotype Observed  

number (0) 
Expected  
proportion 

Expected 
 number (E) 

(O-E) (O-E)2 

      E 
 

Wild type  0.56    
Dwarf  0.19    
Albino  0.19    
Dwarf albino  0.06    
Totals      

 


