Asilomar Fungal Genetics Meeting 2007
Teaching Fungal Biology and Genetics 3-6 pm, Wed. March 21, 2007
Amy J. Reese and Patricia PukKkila, session co-chairs

Schedule proposal

3:00-3:10  Amy J. Reese and Patricia Pukkila, Introduction to session

3:10-3:30 Thomas Volk, University of Wisconsin- La Crosse, The internet and its
ability to lure people into learning something about fungi they didn’t
know they wanted to know

3:30 —3:50 Maria Costanzo, Saccharomyces Genome Database, Fungal gene and
protein information at the Saccharomyces and Candida Genome

Databases

3:50 —4:35 Amy J. Reese, Cedar Crest College, Fungal genetics and biology round
table discussion: best practices and trouble spots

4:35 - 4:55  Coffee break

4:55-5:15  Steven James, Gettysburg College, Deleting Aspergillus nidulans
checkpoint regulators in an undergraduate molecular genetics course

5:15-5:35  Sarah Lea Mcguire, Millsaps College, Teaching with fungi: from college
Jfreshmen to seniors

5:35-5:55  Patricia Pukkila, The University of North Carolina at Chapel Hill,
Bringing student inquiry and research into your courses by
collaborating with graduate research consultants or advanced
undergraduates

5:55-6:00 Patricia Pukkila, Wrap-up to session



Concurrent Session: Teaching
Fungal Biology & Genetics

+ If you are interested in receiving notes
from this session, please fill out the
sign-in form.

Academic roles represented

+ Do your roles include:
+ Mostly research
+ Research & teaching
+ Mostly teaching
+ Graduate student / post-doc
+ Patient care
+ Administration
+ Other




Institution types represented

+ Would you consider your school to be:

+ Mostly a research university / medical
school?

+ A balance between research & teaching?
+ Mostly a teaching college or university?
+ A community or technical college?

+ Non-academic?

+ Other?

Level of fungal topics taught

+ Fungal biology/genetics topics covered:
+ At the medical school level
+ At the graduate level
+ Upper undergraduate level
+ General microbiology course
+ Introductory biology course
+ Other


































Teaching Medical Mycology : Luring students into learning about fungi
Thomas J. Volk

Department of Biology, University of Wisconsin-La Crosse, La Crosse WI 54601

volk.thom@uwlax.edu TomVolkFungi.net

Abstract

This presentation is the story of a successful Medical Mycology course at the
University of Wisconsin-La Crosse (about 8500 students), where enroliment
one semester has peaked at 38 students. | started with an enrollment of 13
students in Spring 1997; there have been 250 students in the past 11 years.
Through word of mouth and course “advertising,” enroliments have steadily
increased, especially among microbiology majors and among pre-med
students, when they realize they will likely receive little training in mycology in
medical school. Calling the course “Medical Mycology” is also a marketing tool
to lure students into learning about mycology.

Medical Mycology at the University of Wisconsin-La Crosse

Although fungi are increasing in importance as more patients become
immunocompromised and acquire fungal infections, Medical Mycology is not
yet a common course in undergraduate or graduate programs, with fewer than
40 full-fledged Medical Mycology courses currently taught in North America,
according to Tex Beneke, Al Rogers, and Star Publishing. However, Medical
Mycology can be a successful and popular course if taught and “marketed” to
students in interesting ways.

The University of Wisconsin-La Crosse is a medium-sized university of about
8500 students, located on the Mississippi River in western Wisconsin. We
have about 1200 majors in Biology and Microbiology, with concentrations in
Biomedical Sciences, Cell & Molecular Biology, Environmental Sciences, and
Aquatic sciences. We also have a Master of Science program with about 60
students. | have eight graduate students in my lab. | teach courses in Medical
Mycology, Mycology, Plant-Microbe Interactions, Food & Industrial Mycology,
Plant Biology, Organismal Biology, and Latin & Greek for Scientists.

The Lecture: “A study of the yeasts, molds, and actinomycetes that are
pathogenic to humans and other animals.” Although the prerequisites are
Mycology or Intro Microbiology, | assume students have no previous knowledge
of fungal biology. My course is somewhat different than most medical
mycology courses, since | teach it mostly from the fungus’ point of view. Of
course, we also discuss the symptoms and treatments for each fungal disease,
as well as mycetismus and mycotoxicosis. See the syllabus on the right of this
poster.

My background and training is primarily in wood decay fungi, morels, and more
general mycology. When | started teaching this course at UW- La Crosse in
1997, | had not previously had a medical mycology course or taught one. | was
lucky that my friend, John Rippon, gave me most of his collection of teaching
slides (about 2500), which | have scanned for computer use. He also gave me
his class notes and handouts, for which | am very grateful. All of my class
presentations are now done in PowerPoint, with modifications and (sometimes
major) updates every year. See syllabus on the right. The three lecture exams
consist of mostly essay questions, requiring students to integrate their
knowledge, rather than just memorization.

The Laboratory is the crux of the course. The lab emphasis is on laboratory
techniques for isolation and identification of pathogenic fungi. Besides studying
many pre-prepared slides, each student makes a permanent reference slide
collection of approximately 45 species of pathogenic and “contaminant” fungi,
mostly deuteromycetes, using PVLG (polyvinyl-lactic acid-glycerine) to make
permanent mounts of slide cultures or tape mounts. Students learn the
techniques and skills necessary to identify nearly any deuteromycete or yeast,
a very important and sought-after job skill. Students also isolate fungi into pure
culture from their environment and are required to identify three of these
“unknown” species over the course of the semester. The two lab exams
consist of 15-18 set-ups (typically one or more slides, drawings, photographs,
books, biochemical tests, and/or posters) with 3-6 questions at each station.
These questions tend to be more objective than the lecture exams.

Top ten reasons to take
Medical Mycology
BIO 413/513

=
this Spring Semester AN

10. In this age of immunocompromised people (AIDS, steroid therapy, chemotherapy and
environmental pollutants) fungi are becoming ever more important as pathogens of humans
and other animals.

9. If you’re planning to go into the medical field you won’t get many (if any) lectures on
mycology in professional schools. Medical schools have in the past been impressed that

applicants have take medical mycology here. This course wi e you a leg up on your

medical school colleagues. It is strongly recommended for the Biology and Microbiology
majors, especially in the biomedical concentration.

8. According to Star Publishing (via Tex Beneke and Al Rogers), there are only 39 (thirty-
nine) schools in North America where a course in medical Mycology is offered. This is a great
opportunity to take this interesting course.

7. You’ll see interesting pictures of interesting people who happen to be infected with fungi.
6. You’ll learn about poisonous mushrooms, as well as deadly mycotoxins in food.
5. Each student will make a reference slide collection of all the fungal pathogens we study.

‘You can take this collection with you and treasure it forever (maybe even longer). It’s actually
something that your co-workers will covet.

4. Dealing with medical fungi cal setting is a practical skill that will increase your job
possibilities. Companies and medical professionals want workers with training in mycology.

3. We hold a poster session where you and your friends can make and look at posters and eat
interesting foods.

2. You'll get to see lots of Skin Flicks (and learn how to cure them)
1. Everyone’sdoing it. C’mon you know you want to...

Lecture meets 8:50-9:45 MW. There is a choice of two labs: 8:50-10:50 F or 11-1F.
For more info see Tom Volk in 3024 Cowley Hall or TomVolkFungi.net

Taking pictures with Nikon
CoolPix 995 through the
lens of the microscope

pergillus, taken with Cr taken with
digital camera through digital camera through the

the microscope lens microscope lens

Poster sessions

It is important for students to know how to research a topic
outside the sphere of what they learn in class. In many
courses the professor assigns a term paper covering a
particular topic. A student researches the material and writes
a more or less coherent essay on the topic. However, the
other students in the class learn nothing about any topic
except their own. In addition, term papers can be tedious and
time-consuming for the professor to grade, especially since
these generally are due at the end of the year when
everything else is becoming busy.

One alternative is to hold a poster session, an idea | got from
Mike Tansey of Indiana University, who has had his students
make posters for their mycology lab for years. | have taken
his idea one step further and hold an actual poster session

We have a formal poster session, much like the one you're
attending right now, but with better food, since students can
bring treats, often related to their topics. Each student
presents a poster on a self-chosen topic, similar to my fungal
web pages at http://TomVolkFungi.net, where many
medically important fungi have been featured. The poster
session is a great learning tool for mycology courses.
Students can learn more in depth about a particular topic that
interests them, and in addition they can learn something
about other students’ chosen topics. The poster sessions are
advertised to students and faculty in the department and
everyone is invited to attend.

Assignment for poster session:

Your poster should include information on a medical
mycology topic of your choice. It can be a disease, a
treatment, an organ that's affected in different ways. Use
your imagination. You should clear the topic with me in
advance; try to pick something not covered in class. It's a
good idea to pick something that might help in your future
career

Some advantages of the Poster session:

. Students experience researching a topic in depth

. Students get to show their creativity in ways other than writing

. Students gain experience making a poster

. Students gain experience presenting a poster to an audience

. Students get the experience of participating in a poster session in a
relatively low pressure situation, i.e. not at their first scientific meeting

. Students learn about other topics not assigned to or chosen by them
. Posters are easier to grade than term papers

. Posters are available for use in the course and in other courses in
following semesters (and at scientific meetings and forays)

ng students and staff not in the class can learn something
about mycology and might be influenced to take mycology someday

. Mycology is promoted in the department and the university

Volk, Thomas J. 2001. Poster Sessions as teaching and
learning tools in Mycology courses. MICOLOGIA APLICADA
INTERNATIONAL 13(1): 45-49

Syllabus: Medical Mycology BIO
413/513

Dr. Tom Volk, 3024 Cowley Hall 785-6972
Lecture meets MW 8:50-9:45, Labs 8:50-10:50 F or 11-1 F.

General Mycology

General Mycolog,

Fungal physiology and pathogenesis

Lab Diagnosis /Antifungal therap

LAB3

Common Fungal Ct

EXAM | General Mycology

Superficial Mycoses

LAB 4

‘Common Fungal Contaminants

Dermatophytes

Dermatophytes

LABS

Superficial Mycoses and Dermatophytes

Chromobl: & Mycetoma

LAB6

Mushroom Poisoning

LAB7

LAB EXAM |

SPRING BREAK

Mycotoxicosis,

Lab identification of yeasts

Subcutaneous fungal infections

Pathogenic yeasts

10

Candidiasi:

is & other yeastinf

Cr
LAB 10

Pathogenic yeasts

11

More Yeast infections

Intro to systemic mycoses

LAB 11

Poster session

12

Histoplasmosis

Blastomycosis

LAB 12

Fungi of deep mycoses

13

Opportunistic infections

LAB 13

Fungi of deep mycoses

14

Opportunistic inf., +

Review

LAB 14 LAB EXAM

LAB EXAM |1

Final Exam (Exam I11)

Partially comprehensive

Total

Lab Exams

Slide Collection
Quizzes, internet assignments, etc.
Unknowns 15 pts each—three filamentous and 1 yeast

All topics, exams, and schedules subject to change.
Text: Kwon-Chung, K.J. & John E. Bennett, 1992. Medical Mycology.

Philadelphia & London: Lea & Febiger

Exam Il
Exam Il
2@ 120

Lab: Beneke, Everett S & Alvin L. Rogers. 1996. Medical Mycology and
Human Mycoses. Belmont CA: Star Publishing -- also Dr. Allen Nelson's
lab manual (modified by T.Volk) handed out in class.

Grading:

Lecture Exams Exam |

70 pts.
130 pts.
130 pts.
240 pts.
30 pts.
~130 pts.

60 pts.

Poster on an interesting medical mycology topic

50 pts.

~800 pts.

If you miss a lecture exam, the only way to make it up will be as an oral
exam. There will be no make-up exams for missed lab exams—it is
impossible to reconstruct a lab exam or leave it up for more than the time
allotted. All exams are partially comprehensive. Grades are assigned on a
standard scale: 91-100=A, 81-90=B, 71-80=C, 61-70=D, <61=F.

Summary

It's a lot of work, especially with the lab, but Medical
Mycology is a very worthwhile course to teach,
especially to undergraduates and to Pre-med and other

kely encounter mycology

very little in their post-baccalaureate training.




Fungal Gene and Protein Information at the
Saccharomyces Genome Database (SGD)
zlgle
Candida Genome Database (CGD)

Maria C. Costanzo

Department of Genetics ® Stanford University School of Medicine
24th Fungal Genetics Conference
March 21, 2007

Overview

e What types of information are available at SGD
and CGD?

e How do | find and download information?

e How do | submit information?

) yeast-curator@genome.stanford.edu

candida-curator@genome.stanford.edu




SGD and CGD home pages

http://www.yeastgenome.org  http://www.candidagenome.org

Locus Summary page

SGD CGD




Potential orthologs in other fungi

PSI-BLAST

Fungal BLAST

Graphical displays of biochemical
pathways




Literature Guide
SGD

Gene Ontology annotations

GO Term Page
GO Evidence and References Page

GO Workshop 12:15 PM Friday, Nautilus




Mutant phenotype data

SGD CGD

Genetic and physical interaction
data (SGD)




Protein information (SGD)

Getting an overview: SGD’s Genome
Snapshot




Genome navigation: GBrowse

SGD CGD

Finding information

egene names egene names
egene products egene products
GO terms GO terms
eColleagues eColleagues
eauthors eauthors
ebiochemical pathways

edescriptions

ePubMed ID

GO ID

eexternal ID

SGD Advanced
Search




Downloading information

SGD CGD

SGD’s Batch Download tool




Submitting information

Colleague information
SGD community wiki

Gene Registries

Contact us anytime!

D yeast-curator@genome.stanford.edu

candida-curator@genome.stanford.edu




Best Practices & Trouble
Spots - Round Table

Amy J. Reese
Cedar Crest College

Amount taught on fungi

+ Time given to fungal biology/genetics:
+ Entire courses offered yearly
+ Courses offered periodically
+ A few days to a week in a semester
+ One day/lab in a semester
+ Other




Break into groups...

+ Gather with others who teach:
+ Group A: Entire courses
+ Group B: A few days to a week
+ Group C: One day/lab in a semester

Within your group address:

+ Best practices:
+ What approaches, assignments or labs work well?
+ What do students enjoy & learn from the most?

+ Trouble spots:
+ What topics, assignments, or labs are not ideal?
+ What do students find boring & not learn?

+ What the other groups could help with:

+ If you teach a full course, what introductory material
do you wish students had already been exposed to?

+ If you only get a few days, what suggestions of
highlights could you use from those who cover more?




Summary..............

+ Nomenclature: analogy w/best friend’s name
(not most interesting thing about them, but
can use it on “My Space”)

+ Pathways: use as menonic

+ Mycology for non-majors: title (“The Fungal
Jungle”), book (Magical Mushrooms etc)

+ Expts for non-majors: fungal Ames test w/
substances students provide (deep-fat fryer)

+ Practical: start w/ unknown sequence-
annotation; no “wrong” answers

Summary 2.............

+ What do students need to retain from intro
courses? Experimental design, more
understanding of plant biology needed for
fungal biology

+ Use of unsolved problems

+ Student review papers, how improve quality?
Websites as alternative to papers (see
upcoming article in GENETICS about “secret

paper”)




Deleting Aspergillus nidulans checkpoint regulators
in an undergraduate molecular genetics course

Steve James Department of Biology, Gettysburg College, Gettysburg PA

Biology 351: Molecular Genetics

Enrollment: 12 students, mostly junior/senior Biochemistry/Molecular Biology majors

Prerequisites: Genetics (Bio 211) and Cell Biology (Bio 212).
Core requirements for the Biology and BMB majors

Format: 3 one-hour lectures, one 4-hour lab x 14-weeks

Curriculum: Core requirement for the BMB major, elective for Biology
Fulfills the capstone requirement in Biology and BMB

Laboratory budget:  ~ $3500.00

Three advances in technology make it feasible

for pairs of students to delete a gene in one semester

1st  The Ku70 knockout eliminates nearly all ectopic integration.
Most integration events occur by homologous recombination




2nd  Double-joint PCR, aka 2-way and 3-way fusion PCR

Deletion & tagging constructs can be produced using PCR only,
w/o DNA cloning. Resulting DNAs can be transformed directly

Diagram courtesy
of Nick Boire, ‘07,
BMB major

3rd An inexpensive & reliable source of
cell-wall degrading enzymes

Vinoflow® FCE winemaking
enzyme
100g, ~ $40.00

Use: approximately
3-4 g per experiment




The laboratory project in Molecular Genetics, Fall 2006

Each 2-person team will ---

(1) delete a gene and study the phenotypic consequences

(2) clone the gene to an inducible promoter for overexpression
ANA4279: RAD53/Chk2 checkpoint kinase

AN8255: Rad9s¢ & Hu53BP1-related;
transducer of DNA damage checkpoint signal

ANG6303: RFC1 subunit of the PCNA clamp loader

AN10434: RTT107/ESC45¢ & BRC1SpP-related;
DNA damage tolerance and repair

Week 1: Design gene deletions

The early design phase is a bit messy & can be overwhelming...

....just as it should (to stimulate higher-order thinking?)...




Assignment for Friday:

1. Locate and mark the START and STOP codons for your
gene on the Full Restriction Map.

2. On the Full Restriction Map, locate and mark all of the
following restriction enzyme cut sites:

- Kpnl - Sphl - Pstl - Mlul - SnaBl - BamHI - EcoRI - Sall - Hindlll - Xhol

- Styl - Avrll - Nhel - Xbal - BxtXl - Pmll - Apal - Scal - Eagl - Notl

3. On the 6-phase ORF Map, pencil in the position of each of
the sites above. Include the nucleotide number along with

the enzyme name at each position.

4. Using the A. nidulans Database, determine on which
chromosome your chosen gene resides and its approximate
location. Print out the chromosome map and draw the

location of your gene on the map.

AN c61 nt352k-361k AN10434 -> Full Restriction Map 8/24/06  4:11:

Rsa I
Example of a TS mer
- - Rsa I BsaH I BsaH I
Bew 1
Full Restriction Map ' e w5 B
cc 'GTACCGTGACTCCC! ITCTGCTAATCTCTAACAGCCTTTCAACTCGCAAACTC 400
GGCTC \CCACTACATGCAT \CTGAGGGCTTACTCCTG: TAGAGA \GCGTTTGAG
329 lgs‘ Id}l ‘ | 7| :
335 346 360
336 346
337 346
339 135(;\]
.
Shows... 2o 1
ScxF I Dde I
EcoR IT Mnl I Fok I
BstN I sg Bsg I‘
CTTT ’Y‘GCC‘ ’7‘(|‘| 'CTGAACTGCCACTCTCGCAG! (lqv' r“r"r(‘ 'VY“'N‘ e 480
\TACGGACCACGGACTTGAC( GT TC GTC TC \CGTCCTACA!
-- dsDNA sequence memmeEae s L
425 455 67
425 460 472
425 461
428
. . 428
-- Restriction Enzyme =
FnudH I
I

Dpn II
Byl Bsm
Nla III

cut sites <S5 e

AAGCCTGTCCTTGACGATATCGTGATCACTGCTGTAGGC ACGAAAACTGTTTCGTCTGCCATGAATGCGG 560
TTCGGACAGGAACTGCTATAGCACTAGTGACGACATCCGCCTTTTACCGTGCTTTTGACAAAGCAGACGGTACTTACGCC

Jis

550

496 504 512
' 503 553
504 557
504
504
Rsa I
Msp I
Hpa II
Bgl I\ Gdi II :
Sfi 1 )Eae I Bspl286 I Hae III TfL I
au96 Cfr10 I Ban II i 1T Hinf T Sau96 I
Hae III Hae IIT Hph I ﬁae I Hae TII rlml I
CAACGGGTTC I CCAG: wlv‘*m‘vn(lvr \CTTCGT I CCCAGACGGACGGCCAAAGGCCGAATCATTGGAG 640
GTTGCCCAAGCCGGGTCTACCGGCCATGAAGCAGTTCCTTCCACTCGGGTCTGCCTGCCGGTTT Ia_uul.x GT ct\:'m‘:
B g bor U hs b
571 581 604 617 629 640
571 579 604 618 629
572 579




Directory of site usage

Restriction Endonucleases site usage

Rat II 3 Bspl286 I 14
Acc65 T -  BspD I -
Acc I 3 BspE I 2
Aci I 44 BspH I 1
Afl II 1 BspM I 3
Afl ITT 5  BspM II 2
Age I 2 BsrI 17
Aha IT 7 BssH II 3
Alu I 35  Bstl107 I 1
Alw I 13 BstB I 2
AlwN T 4 BstE II 2
Apa I - BstN I 20
ApaL I 2 BstUI 30
Apo I 10 BstX I 1
Asc I - BstY I 8
Ase I - Bsu36 I 2
Asp718 - Cfrl0 I 8
Ava I 9 cClal -
Ava II 15 Dde I 36
Avr II 3 Dpnl 32
Bal I 3 Dpn II 32
BamH I 1 Dral 2
Ban I 6  Dra IIT -
Ban II 7 DdI -
Bbe I 2 Dsal 4
Bbs I 12 Eae I 11
Bbv I 21  Eag I 4
Bbv II 12 Eaml105 I 3
Bcl I 4 EarI 8
Ben I 17 Ecl136 II 2
Bgl I 5 Ecod7 IIT 4
Bgl II 3 BeoS7 I 7
Bom I 5  EcoN I 1
Bpull02 I 6  Eco0109 I 4
Bsa 5 R

Bsa I 6

BsaB I 2

BsaH I 7

BsaJ I 28

Bsg I 7 FnudH I 40
BSiE I 5 FouD II 30
BsiW I -  Fok I 26
Bsl I 31 Fspl

Bsm I 5  Fsp I 2
BsmA I 18

Location of restriction sites

Gdi II 8 PfIMI 1
Gsu I 2 Plel 17
Hae I 7 PmeI 1 )
Hae II 9 PmlI 1
Hae ITI 25  PpuM I 3 Enzyme  Site Use Site position (Fragment length) Fragment order
Hga I 17 Bst I 2
m T > ALIT  o/ttasy : 1zi0m 2 2408( 6557) 1
. : Bami I g/gatcc 107 7330(
HINC;IT 8. Reviprim(a) . o BspH I t/catga 1 1(8443) 1 B4dd4( 558) 2
: i Bst1107 I gta/tac 1 1(1327) 2 1328( 7674) 1
HeD I o om0 BstX I  ccamnmnn/ntgg 1 1(832) 1 8343( 659) 2
T EcoN I cctmn/nmnagg 1 1(4850) 1 4851( 4151) 2
HinP I 4 Rsal 21 Neo T c/catag 1 1(5921) 1 5922( 3080) 2
Hpa I 2 Rsr II 3 Nde I ca/tatg 1 1( 8830) 1 8831( 171) 2
Hpa I 36  sac I 2 NruI  tcg/cga 1 1(8599) 1 8600( 402) 2
Hph I 17 sac II - PEIMI  ccamnmn/ntgg 1 1(3412) 2 3413( 5589) 1
Kas I 2 sall 1 Pme I gttt/asac 1 1(8384) 1 8385( 617) 2
Kon T 2 sawnr 32 - §131) 1 6132( 2870) 2
Nos T R 23 g/tcgac 1 s 1541( 7461) 1
Mas' It i5 seart 4 ggcennnn/nggee 1 71( 8431) 1
tac/gta 1 36( 8666) 1
Mae III 25  ScrF I 37 geatg/c 1 6661( 2341) 2
Mbo I 32 Seq prim(a) - stu I B 1 2 4498( 4504) 1
Mbo IT 50  Seq prim(b) - Xca I gta/tac 1 1(1327) 2 1328( 7674) 1
Mlu I - SecI 28 ¥em I ccannnnn/nnnntgg 1 1(770M 1 7708( 1294) 2
Mnl T 107 SfaN I 29
Msc T Sfe 1 9 Age I a/ccggt 2 1(4021) 2 4022( 4417) 1 8439( 563)
Mse I 12 SEiI 1 Bpal I g/tgcac 2 1(5423) 1 5424( 1621) 3 7045( 1957)
Men T 36 I 3 ggcge/c 2 1(2239) 3 2240( 4097) 1 6337( 2665)
ol BsaB I  gatmn/mnatc 2 1(1437) 3 1438( 2044) 2 3482( 5520)
Mun, T 4 naB I 1 BspE I t/ccgga 2 1(1936) 2 1937( 6864) 1 8801( 201)
Nae I 3 spel = BspM II  t/ccgga 2 1( 1936) 2 1937( 6864) 1 8801( 201)
Nar I 2 Sph I 1 BstB I tt/cgaa 2 1( 1762) 3 1763( 5037) 1 6800( 2202)
Nei I 17 spl I - BStE II  g/gtnacc 2 1(4017) 1 4018( 1021) 3 5039( 3963)
Neo I 1 sspI 3 Bsu36 I  cc/tnagg 2 1(1001) 3 1002( 2744) 2 3746( 5256)
Nde T 1 swmI 1 Jora T ttt/asa 2 1(6428) 1 6429( 1957) 2 8386( 616)
Nhe I 2 stw1 7 Ecl136 II gag/ctc 2 1(3326) 2 3327(3418) 1 6745( 2257)
il 25 ey o Fsp I tgc/gea 2 1(38a4) 1 3845( 2986) 2 6831( 2171)
4 Fsp IT  tt/cgaa 2 1(1762) 3 1763( 5037) 1 6800( 2202)
w 22 TELT 21 Gsul  ctggag 2 I(5160) 1 5161( 3698) 2 8859( 143)
I - Tthil 1 % Hpa T gtt/aac 2 1( 4660) 1 4661( 2195) 2 6856( 2146)
1 1 Tthlll IT 9
1 3 xpal 2
Nsp7524 I 9  Xca I 1
NspB IT 10  Xem I 1
NspH I 9 XnoI 3
Pac I - xmal 2
PaeR7 I 3 ¥mI 6

05 W R W W R W

Strategy for 3-way fusion PCR




For example, here is how two of the primers will be oriented:

5' FOR: 5'GCGATTTGCTGAAGGCACGAATCTTTG 3
+

5' REV + pyrG A.f. marker tail:
5GAGGGTGAAGAGCATTGTTTGAGGCGACGGGTATTTATTGTATGTGGTGTTCTA 3’

!

5’ Forward primer

5’GCGATTTGCTGAAGGCACGAATCTTTG 3’

5’GCGATTTGCTGAAGGCACGAATCTTTG.
3’ CGCTAAACGACTTCCGTGCTTAGAAAC

. TAGAACACCACATACAATAAATACCCG.... . 3"’
. ATCTTGTGGTGTATGTTATTTATGGGC......5"

3’ATCTTGTGGTGTATGTTATTTATGGGCAGCGGAGTTTGTTACGAGAAGTGGGAG 5

5’ Reverse + marker tail

...by the end of Week 2, students have learned
how to design PCR primers for 3-way fusion PCR...

Table 2: Primers used in PCR for the amplification of both 5" and 3' AN3620.2 flanking

regions. The underlined and color coded portions represents the part of the sequence

overlapping with pyrG A.f.

Name Primer Sequence Tm °C | Annealingt°C

5FOR | 5GCGATTTGCTGAAGGCACGAATCTTTG 3’ 72.8 62.0

5REV | Y GAGGGTGAAGAGCATTGTTTGAGGCGACGGGTA | gg g 62.0
TTTATTGTATGTGGTGTTCTA 3

3'FOR | 5’'CATCACGCATCAGTGCCTCCTCTCAGACAGCAGT | gg7 62.0
AAGGGATGATTTGGAGTGAA 3

3'REV | 5ACTGCCTATGATACTTGGAAGCGTCTCA 3' 68.0 62.0

The sequences in black are gene-specific and will differ for each deletion

Two of the primers will incorporate the pyrG A.f. sequences shown in blue




Biology 351 Laboratory

Week 3

Part | of 3-way fusion PCR:

Tuesday, 9/12/06 Amplify A. nidulans 5’ and 3’ flanking regions

Learning goals for this week’s lab:

1.

2.

Prepare four oligonucleotides for PCR — dilute to appropriate concentrations.

Plan two PCR reactions — design two PCR reactions and understand the role
of each component in the reactions.

Learn how to program and use the Bio-Rad thermal cyclers for PCR
Perform the first set of amplifications to obtain 5" and 3’ flanking genomic DNAs

Cast a large-format gel, electrophorese the amplified DNAs, and excise the
desired PCR products from the gel.

Use the QIAEX Il kit to extract and purify each 5" and 3’ flanking PCR product.
Check for recovery of your PCR products using an agarose mini-gel.

Quantify recovery of your PCR products using the DyNAQuant 200
Fluorometer.

Use Powerpoint to assemble a publication-quality figure, including
a complete legend, for your DNA gels; and perform a simple
in silico analysis of your favorite gene.

Week 3: PCR Step | - Amplify & purify flanking DNA

regions on either side of the target gene

Eigure 2A: PCR amplification of radl 3’ and 5 flanking regions: Aspergillus nidulans strains used were
PCS439 (riboAl yA2) and SWJ400 (pabaAl yA2; nimO18). ~2.01kb and ~1.83kb radl 3" and 5” flanking
regions were amplified in two separate PCR using 2 sets of primers 3'FOR and 3'REV, 5’FOR and 5’'REV.
Primers 5’REV and 3’FOR incorporated complementary pyrG tails, which were to be used in a 3-way
fusion PCR with pyrG. Key to lanes: 1 %HindIIl markers (625ng) , 2,3 radl 5 flanking region, 4,5 radl 3’
flanking region Figure 2B: 3’ and 5’ rad1 flanking PCR products were excised and QIAEX purified.
Duplicate products were pooled and quantity was assessed by electrophoreses of 2pof each amplified
flanking region. Key to lanes: 1 AHindlIl markers, 2 Pooled radl 5’ flanking DNA, 3 Pooler rad1 3”
flanking DNA.




Week 4: PCR Step Il - 3-way fusion PCR
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Week 5: PCR Step Ill - Nested PCR to prepare for
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Week 6: Transform A. nidulans with deletion constructs

Figure 5. Successful transformation of A. nidulans with AAN10434 deletion construct

The purified 3-way fusion construct was transformed into TNO2A25 (pyrG89 pabaAl;
AnkuA::argB; riboB2). Transformants were plated on medium lacking uridine and uracil as a
means to screen for the successful integration of the pyrG A.f. fusion construct. Equal
numbers of protoplasts were plated in A and B. Plates were grown for 3 days at 29°C.

(A) No DNA control transformation. (B) Transfomation with AAN10434.

Weeks 7-11: Purify transformants, prepare gDNAs,
identify deletions by Southern blotting

EcoRI digests probed with pyrG A.f.




Week 12:

DNA damage agents

Control 25 uM Camptothecin  0.05 ug/ml 4-NQO

0.005% Diepoxyoctane 0.015% DEO 0.01% MMS

Phenotypic analysis to test for sensitivity to

Adapted f rom Branzei & Foiani 2006, Sancar 2004
DNA Damage Response Pathway Involving R ad 53

Intra-S Damage Stall ed Forks
Ddc2

Sensors

Mediators

Rad 53/Chk 2 @ Transducers

Stabilization of
Replisome Q C Effectors
(mech anism / \
unkn own) G1Arrest Suppression of
Inactiv ation of Trans cription of Recombin ation at

late origins Repair Genes Stalled Forks

s(ab tion
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Summary:
To complete the project, students...
1. Create a pathway diagram to describe the function

of their gene within the context of DNA damage
control

2. Write a 1-2 page abstract that describes everything
known about their gene

3. Write a complete scientific paper, as-for-publication,
to document their semester-long efforts
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MOLECULAR GENETICS (Biology 351) - Fall, 2006

Course objectives: The Central Dogma of Molecular Biology describes how information flow
occurs, from DNA to RNA to protein, in all living systems. This course examines the mechanisms by
which the elaborate processes of life, governed by complex machines made of protein and/or RNA,
are derived from a linear, digital DNA codex; how the integrity of the genetic endowment is
maintained and how DNA is replicated faithfully despite constant injury and the threat of mutation;
how sophisticated regulatory mechanisms are able to sense changing environment and respond by
altering the genetic program; and how disease states may perturb both the overall structure of the
genetic material and the control of individual genes. By examining current research in topical areas
of molecular biology, and by applying methods of molecular biology to study eukaryotic gene
function, students will deepen their understanding and appreciation of the beauty, complexity, and
subtlety of life at the level of molecule and gene.

Student learning objectives: Students in this course will develop the following competencies:

1. Develop a complete and detailed understanding of the Central Dogma of Molecular Biology,
elaborated through the study of current research problems; understand the mechanisms by
which DNA is replicated, transcribed, translated, repaired, and recombined; understand the basic
techniques for studying nucleic acids and proteins, and how they are applied.

2. Develop an appreciation for the complexity of living processes at the molecular level; understand
how gene expression and protein function can be rapidly altered in response to environmental
stimuli, and how these changes, controlled by intricate regulatory circuits, modify behavior at the
level of cell and organism.

3. Become proficient at reading, analyzing, and understanding original research articles in the field
of molecular biology; develop an understanding and appreciation for the experimental approach,
i.e., how the varied tools and methods of molecular biology can be used to ask, and answer,
scientific questions that reveal new insights about biological processes.

4. Become proficient at laboratory techniques for DNA isolation, manipulation, cloning, and analysis.

5. Develop the ability to write a complete scientific paper, as for publication. During the writing
process, students will learn how to (a) synthesize the data from a variety of experiments into a
cohesive summary, (b) analyze their experimental results, and (c) integrate their findings into a
theoretical framework, namely checkpoint control and the DNA Damage Response (DDR) in
eukaryotes.

Capstone experience: Molecular Genetics integrates learning from a number of different
foundational courses, including Genetics (Bio 211), Cell Biology (Bio 212), Bioinformatics (Bio 251),
Microbiology (Bio 230), and Biochemistry (Chem 333, Bio/Chem 334). In addition, Molecular
Genetics shares significant disciplinary approaches and principles with Immunobiology (Bio 332)
and Evolution (Bio 314). Furthermore, Molecular Genetics provides the opportunity for students to
demonstrate proficiency at communication conventions of their major, through the writing of a
comprehensive scientific paper. This comprehensive paper is linked with the semester-long
research project that forms the basis for the laboratory component of the course. For these reasons,
Molecular Genetics may be used in fulfilment of the capstone experience for majors in Biology or
Biochemistry and Molecular Biology.



MOLECULAR GENETICS (Biology 351) - Fall, 2006

Lecture: MWF 9:00 am 356 Science Center (Chemistry seminar room)
Laboratory: T 1:10-5 pm 252 Science Center
Instructor: Steve James 255 Science Center

X6170

e-mail: siames@gettysburg.edu

Text: Molecular Biology, 3" edition. By Robert F. Weaver. McGraw-Hill, 2005

Additional readings will be assigned, copies of which will be housed in 252 SC.

Lectures: Advance preparation and class participation is expected. Textbook and reserve readings
must be completed prior to the class for which they are assigned. Problem sets will be
assigned during the semester to aid in learning and exam preparation. These problem sets
will be graded.

Laboratory: The laboratory consists of a multi-faceted, semester-long project in which the student will
use molecular genetic techniques to perform a gene deletion and then characterize the
phenotypic consequences of the gene knockout. Due to the length and scope of some
experiments, students will work semi-independently and will occasionally need to work
outside of the scheduled laboratory. The student will write a comprehensive scientific
paper to analyze the results of the project, and integrate these results into a theoretical
framework related to the maintenance of genome integrity.

Course Grade: Three one hour exams 13.3% each
Final exam 15% (1/4 course review)
Homework and quizzes 10%
Lab assignments 20%
Laboratory paper 15%

(Note: overdue assignments will reduce by one letter grade for each day late)

Attendance in lecture and lab is mandatory. A student with more than three unexcused absence from lecture,
or from one laboratory, will be invited to leave the course.



Steve James

BIOLOGY 351 — FALL, 2006

Molecular Genetics
COURSE SCHEDULE

Science Center 356

255 Science Center MWEF 9 — 9:50
337-6170
sjames@qgettysburg.edu LAB: 252SC,T1-5
Date Lecture topic Laboratory
Aug 28 | First class: Orientation to Laboratory project Choose partner:
30 | How (and why) to delete a gene (continued) Begin designing
Sept 1 | CDMB: Alkaptonuria unites molecular biology from fungi to man gene deletion
- bioinformatic surveys
Sept 4 | Molecular and in silico analysis: homogentisate dioxygenase gene Design and order PCR
6 | Building blocks: discovery of nucleic acid structure primers for gene
8 | Nucleic acid chemistry deletion (3-way PCR)
Sept 11 | Nucleic acid metabolism and related disorders Polymerase Chain
13 | Physical behavior and topology of DNA molecules Reaction (PCR),
15 | Topoisomerases, DNA topology, cancer & bioterrorism Step 1
Sept 18 | Analysis of Chen et al. 1996. Gyrases, antibiotics, & DNA cleavage | Step 2 of 3-way fusion
20 | Analysis of Chen et al. 1996. Gyrases, antibiotics, & DNA cleavage | PCR to prepare gene
22 | Translation of proteins in prokaryotes & eukaryotes: initiation deletion construct
Sept 25 | EXAM 1 Final step of fusion
27 | Translation of proteins: elongation and termination PCR/clone construct
29 | VIDEO: Human genome project - DNA-DNA ligation:
create recomb. DNA
Oct 2 | Ribosomes and transfer RNA Restriction enzyme
4 | Genetic Code: degeneracy, wobble, & tRNA suppression analysis of
6 | The other Genetic Code: Aminoacyl tRNA synthetases & evolution | recombinant plasmids
Oct 9 | READING DAY DNA-mediated trans-
11 | Post-translational controls: MPF and the cell cycle formation of Aspergillus
13 | Analysis of Gould & Nurse, 1989: Phosphorylation/dephosphorylat'n | - purify transformants
Control of cell cycle progression by regulated proteolysis
Oct 16 | Analysis of papers: the Anaphase Promoting Complex (APC/C) Prepare genomic DNA
18 | Checkpoint control and the cell cycle from transformants;
20 | Checkpoint control: the DNA Damage Response (DDR) screen phenotypes
Oct 23| EXAM2 Southern blot analysis
25 | The replicon and initiation of DNA replication in E. coli of transformant DNA
27 | dnaA, dnaB, dnaC and the initiation of DNA replication Control of Part |




30 | The replisome and DNA synthesis in E. coli Southern blot analysis
Nov 1 | DNA synthesis in eukaryotes: G1/S transition of transformant DNA
3 | The CHIP assay: Analysis of Aparicio, Weinstein, and Bell (1997) Part Il
Nov 6 | Analysis of Aparicio, Weinstein, and Bell (continued) More phenotypic
8 | Maintaining genome integrity: mutation and DNA repair screening; prepare
10 | Base excision repair and Nucleotide Excision Repair figures for final paper
Nov 13 | Mismatch repair in prokaryotes versus eukaryotes Finish experiments;
15 | Recombination repair and the SOS response draft final laboratory
17 | Double-strand break repair paper
Nov 20 | EXAM 3 Submit draft of paper
22 | THANKSGIVING RECESS
24 | THANKSGIVING RECESS
Nov 27 | Prokaryotic transcription: RNA polymerase & promoters Field trip: Armed
29 | Gene Expression in prokaryotes: o factors and regulators Forces DNA ldentif'n
Dec 1 | The lac and trp operon models for gene regulation Laboratory (AFDIL)
Dec 4 | lac operon: DNA-protein interactions Finish laboratory paper
6 | lac operon (continued)
8 | Terminating transcription: Attenuation in the trp operon
FRI, FINAL EXAM, 1:30 - 4:30 pm
DEC 15

Additional topics that could be covered in place of other syllabus topics:

The end-replication problem: Telomere structure/function
Telomeres and telomerase in cancer and aging
Telomeres and telomerase: analysis of research papers




Teaching with Fungi:
From College Freshmen to Seniors

Sarah Lea McGuire

Teaching with Fungi
Teaching in the Teaching in the
Classroom Research Lab

More Variable interest Fewer
students and preparation students

Higher degree

of interest and
preparation




|
|

Teaching in the Teaching in the
Classroom Research Lab

Demonstrate cellular Stimulate Stimulate Teach research
processes, structures, | Imagination i Imagination methods, data
phenomena; teach

scientific method and
reasoning

analysis, experience
scientific community

Teaching in the
Classroom

Juniors/Seniors

http://www.fgsc.net/teaching/labfungi.htm




Types of Activities

*General aseptic technique

Freshmen

eScientific method/classic experiments

*Genetics: Analysis of cross
progeny

«Cell Biology: cytoskeleton, nuclei, and
other subcellular structures

Lessons Learned

Teaching in the Classroom: What Doesn’t Work
*Using unclear phenotypes
*Asking students to design/conduct a series
of experiments with several new skills
*Expecting students to understand how to
make solutions before you teach them
*Asking students to write a full scientific

paper on their experiments before they’'ve
learned the various parts of a paper

Teaching in the Classroom: What Works

*Choose easily visualized markers

*Teach students one skill at atime
*Prepare solutions/media for the students
*Have students analyze results of
experiments

*Teach writing one section at a time




Types of Activities

*Biochemistry: Classic location of point
of block of a biosynthetic pathway
(Neurospora)

*Genetics: Gene mapping, epistasis, mutant
analysis (Aspergillus)

*Molecular Biology: Transformation
(Saccharomyces)

«Cell Biology: Effects of mutations on
cell structures (Aspergillus, Saccharomyces)

Lessons Learned

Teaching in the Classroom: What Doesn’t Work

*Asking students to design a complete set of

experiments at the beginning of the semester
eHaving students prepare all of their media
*Using unclear phenotypes

Teaching in the Classroom: What Works

eHave students carry out and analyze all experiments
eLink weekly activities to teach students how

to design a progression of experiments aimed at a
specific goal

*Teach literature review and write a complete

paper in sections




Types of Activities

«Combine molecular, genetic, biochemical,
uniors/-eniors and cell biology techniques through semester-
long projects

eGenerate/analyze sets of double mutants and
to determine/characterize genetic interactions
(Saccharomyces)

eUse strains from the research laboratory and
have students design/conduct experiments
to analyze these

Lessons Learned

Teaching in the Classroom: What Doesn’t Work

*Requiring too little of the students

eUnclear expectations
Juniors/Seniors *Too little support
Teaching in the Classroom: What Works

*Set high expectations

*Approve experimental design before allowing
students to perform experiments

*Have students prepare scientific papers
reporting their findings

*Have students make oral or poster
pre