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In this completely digital teaching module, students
interpret the results of two separate procedures: a
restriction endonuclease digestion, and a polymerase
chain reaction (PCR). The first consists of matching
restriction endonuclease digest protocols with images
obtained from stained agarose gels. Students are given
the sequence of six plasmid cDNAs, characteristics of the
plasmid vector, and the endonuclease digest protocols,
which specify the enzyme(s) used. Students calculate the
expected lengths of digestion products using this
information and free tools available on the web. Students
learn how to read gels and then match their predicted
fragment lengths to the digital images obtained from the
gel electrophoresis of the cDNA digest. In the PCR
experiment, students are given six cDNA sequences and
six sets of primers. By querying NCBI BLAST, students
can match the PCR fragments to the lengths of the
predicted in silico PCR products.

Advances in molecular biology have influenced and
transformed neuroscience in the past few decades. The
advent of recombinant DNA technology along with the
completion of the Human Genome Project have spawned
new areas of research in cellular and molecular
neuroscience which together seek to understand the
complexities of how the human brain functions. Recently,
large-scale research efforts such as the BRAIN (Brain
Research  through  Advancing Innovative  Neuro-
technologies) Initiative aim to develop innovative
technologies with the long-term goal of uncovering the
mysteries of learning and memory and to help shed light on
brain disorders. The development and employment of
powerful tools for characterizing both the structure and
function of neurobiological systems relies on a thorough
understanding of molecular biological techniques. To this
end, it is essential that all students within neuroscience
programs have a strong background in not only the
concepts of molecular biology but also in hands-on
practical applications, such as PCR, endonuclease
digestion, and interpretation of DNA gel electrophoresis
results.

Although students pipette DNA into agarose gels every
academic term, students are not usually challenged to
critically evaluate and interpret the results. Students are
often provided with pictures of perfect gelsd or at least the
ones t hatd Saiemcerifkcladihg molecular biology,
is actually not so neat and clean. Undergraduate voices
claim that students need t
data; learn to deal with ambiguity, and that science can be
me s s Yision &nd Change, 2011).

The ruse posed to students is that the gels were
inadvertently mislabeled during processing.  Although
students know the experimental details, they do not know
which gel goes with a given restriction endonuclease digest
or PCR9 they must deduce the answers. Because the gel
images are from act u al studentsé
sometimes result from mishandling/mislabeling or faulty
protocol execution. The most challenging part of the
exercise is to explain these errors. This latter aspect
requires students to use critical thinking skills to explain
aberrant outcomes. This entire exercise is available in a

digital format and downloadable for free at
http://mdcune.psych.ucla.edu/modules/gel.

Key words: molecular neuroscience; gel
electrophoresis; PCR; endonuclease digest; virtual
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Gel Scramble provides a completely digital module that
requires students to engage the mental processes behind
doing an endonuclease digest and a PCR experiment.
Students are given the pertinent information about the
nucleotide sequences and protocols but are not told which
gel image matches with a given endonuclease digest (in
the first task) or with a given PCR (in the second task).
Students must deduce the answers based on the provided
protocols. Essentially students
engineero these
likely came from which protocol.

At first blush, this task may seem relatively simple once
students learn the basics of reading gels and how to work
through the protocols. The challenge comes because the
protocols were not always followed faithfully (Figure 1).
Students are not only challenged to figure out which gel
goes with which protocol, but also are challenged to
provide explanations for unexpected outcomes when they
are present. The gel i mages <co0me
experiments, and improper sample handling and / or
protocol execution inevitably confounding some results.
This messy reality requires critical thinking to properly
interpret the outcomes.

Both tasks are completely digital so they require no
equipment other than a computer. The Gel Scramble web
page provides agarose gel images, as well as lab protocols
and additional information that students will need to
interpret the gel pictures, and a complete student tutorial at

httit/imdcane.psychhudavedu/imadules/gelr k Arw iinstiuctor e a |

manual and various keys are also provided to instructors
who establish a faculty account through
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http://mdcune.psych.ucla.edu/.  All materials on the Gel
Scramble web page, including those for faculty and other
tools utilized in these exercises, are available for free.

Expected:

Al175

quantitative data were acquired via a pre-module test
( pietestd and post-mo d u | e pdsteestd Yhaf tdpped the
material presented in the module as well as critical
thinking. Questions on the pretest and posttest were the
same and therefore a paired two-tailed t test was used to
assess statistical significance. Participation was voluntary,
and not all students in the course participated, although the
majority did. Additionally, affective measures were taken
on both populations as well as an open-ended qualitative
item.

Web Resources The entirety of thi
can be found on the Gel Scramble web page at
http://mdcune.psych.ucla.edu/modules/gel.

Table 1 lists all of the files available for free for all users.
These are the files that students download to execute the
module. Table 2 lists additional files available to faculty
who intend to teach the module. These files are also
available for free but require a faculty account to access.
Faculty accounts are granted at no cost to individuals who
teach at accredited institutions. Table 3 lists external
resources for better understanding PCR. These video
animations are useful but not required for teaching.

Table 1: MDCUNE Resources, Student

File Description Category
Image Database Images
Student Tutorial Tutorials
Lecture Slides, Week 01 Class Lectures
Lecture Slides, Week 01 Class, VO Lectures
Lecture Slides, Week 01 Lab Lectures
Lecture Slides, Week 02 Class Lectures
Lecture Slides, Week 03 Class Lectures
Lecture Slides, Week 03 Lab Lectures

Figure 1.

Two allegedly identical endonuclease digests

Mystery cDNA 'A’ Digestion Protocol Protocols, RE Digest
Mystery cDNA 'B' Digestion Protocol Protocols, RE Digest
Mystery cDNA 'C' Digestion Protocol Protocols, RE Digest
Mystery §PNA ' Digestion, Rfofogol, 4 Prigtpcplsy RE-Digesh | o

Mystery cDNA 'E' Digestion Protocol Protocols, RE Digest

produced by former students. H
protocol produced predictable results. For the gel labeled
iChall enge, 0 things went d, wthey .

Mystety BDNA 'H Bigesflof Prétdcdl € NF¥ofolols, REEDigest

students were supposed to load the Molecular Weight DNA

Mystery cDNA 'A-F' PCR Protocol Protocols, PCR

Ladders in Lanes 1 & 10 but instead loaded the ladder in all the
lanes, superimposing the ladder on top of the bands for the

PCR Animation Protocols, PCR

endonuclease digests. [While we did not include this particular

PCR Lab Slides by Lani Keller Protocols, PCR

iChl | enged gel in the set pack

or

3PER (Gab AsighmerR $hBeB ' 1 N prétdedist FCR S+ |1 ¢

provided here as an effective illustration.]

Mystery cDNA 'A' Sequence DNA Sequences

MATERIALS AND METHODS

Mystery cDNA 'B' Sequence DNA Sequences

Mystery cDNA 'C' Sequence DNA Sequences

Subjects The endonuclease digest task was used in

Mystery cDNA 'D' Sequence DNA Sequences

teaching an upper division laboratory class at UCLA.

Mystery cDNA 'E' Sequence DNA Sequences

UCLA students consisted of 11 males and 11 females; 12

Mystery cDNA 'F' Sequence DNA Sequences

students identified themselves as Asian, two African

Mystery cDNA Information DNA Sequences

American, four White, and four other. The PCR task was

Mystery cDNA Schematic DNA Sequences

used in a Human Genetics course at Quinnipiac University
(QU). QU students consisted of six males and 13 females;
18 students identified themselves as White and one
identified themself as African American. Besides grades,

Table 1. Gel Scramble web resources available for free
download to student (or all) users.
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Table 2. MDCUNE Resources, Instructor

File Description Category
Student Tutorial, Editable Tutorials
Instructor Tutorial, Editable Tutorials
Mystery cDNA Digestion Product Key | Keys
Mystery cDNA PCR Product Key Keys
Plasmid Vector & Myste_ry cDNA Keys
PCR Product Key, Detailed

Mystery cDNA PCR Gel Problems Keys
Grading Rubric Keys

Table 2. Gel Scramble web resources available for free
download to instructor (or faculty) users.

Table 3: External Web Resources, PCR Video Guides
http://www.dnalc.org/resources/animations/pcr.html

http://learn.genetics.utah.edu/content/labs/pcr
http://www.sumanasinc.com/webcontent/animations/content/pc
r.html

http://highered.mheducation.com/sites/0072556781/student_vi
ewO/chapterl4/animation_quiz_6.html
http://www.lifetechnologies.com/us/en/home/life-
science/pcr/elevate-pcr-research/pcr-video-library/pcr-
animation.html

http://www.promega.com/resources/multimedia/pcr/introductio
n-to-pcr/

Table 3. PCR external web resources available for free to
student (or all) users.

The DNA Sequences Sixunl abel ed,
sequences are employed in this module, and are all initially
isolated from a library of rat hypothalami. These cDNAs
code for: (a) Jagl proteind involved in development and
ligand for the NOTCH receptor, (b) nicotinic Ach receptor
a7 subunit, (c) Deltald ligand for the notch receptor, (d)
NOTCH2 receptord involved in cell signaling, (e) nicotinic
Ach receptor a9 subunit, and (f) NOTCH18 homologue of
Drosophila notch. DNA Sequences for these proteins were
subjected to an endonuclease digest and were used in the
PCR task as well. Each endonuclease digest or PCR was
usually replicated several times by different groups of
students.

Notch, Delta, and Jagged are all cell surface proteins
with membrane spanning domains. Delta and Jagged are
ligands for Notch, which is their receptor (Weinmaster,
1997). Interactions between Notch and Delta/Jagged
ligands are involved in cell-cell signaling (Weinmaster,
1997). Delta, Jagged, and Notch have epidermal growth
factor-like repeats in their extracellular domains (Lindsell et
al., 1996; Thurston et al.,, 2007). Notch has an
extracellular ligand-binding domain, which is cleaved upon
binding, releasing an intracellular domain that transduces
the ligand signal (Weinmaster, 1997, Thurston et al.,
2007). These Notch/Jagged/Delta interactions are
believed to be important in development such as cell-fate
selection and differentiation (Weinmaster, 1997; Lathia et
al., 2008) and may also be important in neurite remodeling

and pathological states such as stroke and Al z hei mer

adulthood.

aDNA N
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The ACh receptor a7 and a9 subunits also have a
membrane spanning domain (Elgoyhen et al., 1994;
Dineley et al., 2015). The a9 receptor has an unusual
pharmacological profile: both nicotine and muscarine can
reduce its response to acetylcholine (Elgoyhen et al.,
1994). The ACh receptor a9 can be found in the pituitary,
in the olfactory epithelium, and is involved in cochlear
innervation during development (Elgoyhen et al.,, 1994;
Vetter et al., 1999). Both the a7 and a9 subunits can form
ACh-gated channels when expressed as a single subunit,
and they also form ACh receptors sensitive to nicotine and
a-bungarotoxin (McGehee and Role, 1995). The a7
receptor has been implicated both in schizophrenia and in
Al zhei mer 0 dneleyietsale 2085¢. ( D

Task 1: Endonuclease Digest
the module are five-fold:

Goal 1. Determine the band sizes for a given

protocol. When predicting DNA band sizes, students
need to consider the size of the plasmid vector alone,
whether the plasmid will be linearized or not in the digest,
and whether this will matter to the migration of the
molecules during electrophoresis.  The endonuclease
digests all examined cDNAs inserted into a plasmid vector,
PBluescript (GenBank # X52330.1), which is a 2961-base
pair (bp) plasmid. Whether or not a given enzyme will cut
in the multiple cloning site is thoroughly described in the
materials available on the website, part of which is
displayed in Figure 2.
M Sec n§l¥, students need to consider the size of the
iNSert and whéther the enzyme cut within the sequence of
the cDNA insert (the gene of interest) in order to predict the
size of digestion products. For the cDNA insert, students
can use NEBcutter, a free web tool provided by New
England Biolabs (NEB) at http://tools.neb.com/NEBcutter2/
index.php (Vincze et al., 2003). See Figures 3 and 4 for a
l ook at NEBOG s .
i pr el almmentdetveeeéndab sessions 1 and 2, which
had them at least attempt to list the expected digestion
fragments in each lane for each of the protocols. Further,
they were assigned to sketch a restriction map for each of
the protocols as a part of the prelab exercise.

Goal 2: Identify all of the relevant bands on a given
gel. Students need to learn to read and interpret DNA
agarose gels. Initially, they need to learn which bands are
meaningful and which are extraneous to analyses (see
Figure 5). The loading wells will sometimes have residual
DNA but are irrelevant. Similarly, when plasmid DNAs are
not linearized, they can become high molecular weight
forms, usually linking up with other plasmids to make
chain-like molecules or concatemers, which are also
irrelevant to the analyses.

Goal 3: Determine which gel matches which
protocol. Students should be able to predict the size of
the bands in each lane. In all of our protocols, Lane 1 is
the molecular weight standard ladder, a picture of which is
available at the New England Biolabs website
httg:/S/wwviv.nneb.com/nebecomm/products/productN3200.asp.

Goals for this portion of

(Brudents wene tgigen faa c e
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Mystery cDNA Plasmid Schematics
(: 10|00 20|nu 30|00 40|00 50|00 Enloo roloo 8000 90‘00 base pairs
e R _ T x e
88 853 358w 25§
m v X Z w X M W o X X
Mystery DNA “D” T3 — — T7
NHZ COOH - -
— . = - - T rx _ - -
8§35 2 235 8s2s
w Zz X X X o w w X X
Mystery DNA “F” T3 —f — T7
NH, COOH
1000 2000 3000 4000 5000 ’
1 1 L 1 1 1 1 1 L L L L base pairs
- _ - - -
o = @ E o ¢
@ O O o £ o
w Z X o xX x
Mystery DNA “A” T3 —_— } T7
NH, coow
0 1000 2000 3000 base pairs
1 1 1 1 1 1 1 1 | 1
- - _ & T o_o__
c o Z 2 o o E @ « o
a £ L] — (=] o @© o (=} [
¥ X o T w w o X Z o
Mystery DNA “B” o T7 = — T3
NH, CooH
- _ - T _ z -
c = @ E o o c©
@ O O @ £ o a
w Z2 X m X w X
Mystery DNA “C” T3 _ —_— 77
NHy COOH
__ - T - T3 _ __
e 3 58 S 235 25 cDNA Lengths
w Z X o w w I o X x
Mystery DNA “E” T3 — ; T7 Mystery DNA “A" 5575bp
NHy coom
Mystery DNA “B’ 2,106 bp
5'- or 3'- untranslated region of cDNA (drawn to scale) Mystery DNA*C" 2,795 bp
Mystery DNA“D” 8,287 b
Coding region of cDNA (drawn to scale) ystery P
Mystery DNA “E" 1,937 bp
T3 Multiple cloning site (not drawn to scale)
Mystery DNA “F"  8,221bp
T7 Multiple cloning site (not drawn to scale)

Figure 2.

Lane 2 is supposed to be the uncut plasmid, Lane 3 is
supposed to be the linearized plasmid, Lane 4 is supposed
to be the uncut plasmid with insert, Lane 5 is supposed to
be the linearized plasmid with insert. The remaining lanes
contain various digests except Lane 10, which is another
lane with a molecular weight standard ladder. Students
should use the protocols available to obtain information
about the enzymes used in the various digests to aid in
their predictions and matching.

Instructors are provided with an opportunity to explain
why one would want lanes with the cut and uncut plasmid
as well as lanes devoted to linearized and unlinearized
plasmid with insert.

Goal 4: Identify when bands do not match the
expected results. The module was designed so actual
results do not always match the expected results.

Schematic detailing which enzymes will cut in the multiple cloning site for each of the Mystery cDNAs employed.

Students should be encouraged to check their predictions
and have the instructor approve them if necessary.
(Instructor keys are available for free by first going to the
Gel Scramble web page at http://mdcune.psych.ucla.edu/
modules/gel, then clicking on the links in the Faculty
section and setting up an account.)

Goal 5: Identify what happened when the bands on
the gel do not match the expected. The critical thinking
challenge for students is not only to correctly identify what
digest goes with which sequence but also to ascertain what
mistakes were made to explain the aberrant examples.
Sometimes this discrepancy will be due to errorsd wrong
DNA in a given | ane,
and/or enzyme to the digest for a given lane, etc.
times, this discrepancy may be

Other
due
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@a :\-[: W ENGLAND
BioLabs. NEBcutter V2.0 ]
[NEB homepage] ——

This tool will take a DNA sequence and find the large, non-overlapping open reading frames using the E.coli genetic
code and the sites for all Type I and commercially available Type III restriction enzymes that cut the sequence just once.
By default, only enzymes available from NEB are used, but other sets may be chosen. Just enter your sequence and
"submit". Further options will appear with the output. The maximum size of the input file is 1 MByte, and the

maximum sequence length is 300 KBases.
What's new in V20 Citing NEBcutter cog(V_‘,ctgseSnlﬂp:?\tuen:ggrGHeEnEEn k

Local sequence file: (Choose File ) No file chosen Standard sequenges:
GenBank number: 7‘ i Bank} £ Plasmuguecl +
or paste in your DNA sequence: (plain or FASTA format) # Viral + phage |5

or copy then paste
the sequence HERE

(_submit )

© NEB enzymes
O All ially available
.. © Linear . O All specificities
RLStequence i O Circular PR O All + defined oligonucleotide sequences
O Only defined olj i
[define oligos]
Minimum ORF length to display: 100  aa.

(More options )

Set colors )

Name of sequence: (optional)

Figure 3. Screen capture of the NEBcutter V2.0 home page.
NEBcutter V2.0 is a free online tool that describes where
enzymes would cut in a known DNA sequence. The red labels
indicate where students could enter data to use the tool.

i,
[ NEBcutter]

Linear Sequence: U78889.1

Cleavage code
I | blunt end cut
"u | 5 extension

Enzyne nane code
Display: - NEB single cutter restriction enzymes fuatislc) fros aeg

- Main non-overlapping, min. 100 aa ORFs
GC=57%, AT=43%

j available
* affected by CpG neth.
#: cleavage affected by other meth.
Cenz.nane): anbiguous site

| 37 extension

¥ | cuts 1 strand

Hinel fpol
3 714 aa b4

11 L L 2795

1nn [T T | [ Il | | | I
Butl | Alel BsrDI Meel  Dralll “Apol | Dral
*Nhel 'BStEIl *BngB1 Sval

*BssHIT Blpl Baes1 Sspl
*HpyssT BstZ171

el *Smal
BseRl *¥mal
EcoRY *Tspil
BssSI *Btgzl

NewDNA [ ust
Custom digest m— — o 1 0 cutters
7 3 [ ]
View sequence (= Avehabiity | ”M atte
All commercial Zoom in
e All 3 cutters More.
Translate GB file . — R S aifSites

Save project
Print

Flanking enzymes

Figure 4. Screen capture from the NEBcutter V2.0 website.
This figure of a linear DNA sequence, also seen in the student
tutorial, is used as an example to guide students in predicting
bands in an endonuclease digest. Here, all the enzymes that
would cut this sequence one time are displayed. The red circles
indicate links where students could further obtain further
information.

to characteristics of the DNA® a methylated cut site, for
example. Still other times it could be that the bands were
run off of the gel. Additionally, there could be partial
digestsdo when the DNA was not fully digested by the
enzyme resulting in some uncut DNA remaining. Students
should provide some plausible explanation for the various
discrepancies that they encounter. (Again, instructor keys
that provide the most likely explanations are available at
http://mdcune.psych.ucla.edu/modules/gel.)

f— loading wells

—
high molecular
weight forms

Figure 5. Picture of a gel from the Gel Scramble Image
Database used for the endonuclease digest task. Certain aspects
that are irrelevant to the analysis and interpretation of resultsd
loading wells and high molecular weight formsd are indicated.

Task 2: Polymerase Chain Reaction (PCR)  Goals for

this portion of the module are three-fold:

Goal 1. Perform an in silico PCR. In this phase,
students initially do an in silico PCR. Then they download
a rich-text format copy of each of the Mystery cDNA
sequences as well as a spreadsheet of associated BLAST
information (cDNA description, accession numbers, and
primer sequences) on the Gel Scramble web page at
http://mdcune.psych.ucla.edu/modules/gel. Students use the
NCBI Basic Linear Alignment Search Tool (BLAST) at
http://blast.ncbi.nlm.nih.gov/Blast.cgi to individually BLAST
their primer sequences (see Figures 6 and 7) as well as
their cDNA accession numbers (see Figure 8). By marking
where the upstream and downstream primers would bind
on the cDNA sequence, students should be able to predict
the size of the corresponding PCR product. (Students are
sometimes baffled because the downstream primer is the
complement of the gene sequence and reads right to left.
This gives the instructor a good opportunity to review PCR
with students.)

Goal 2: Compare the expected PCR product size to
the empirical product size. Since the PCR procedures
had been well-optimized, all PCR protocols included only
negative controls (Lanes 2-4). These negative controls
provide instructors with an opportunity to discuss each
specific control with students. A PCR product is only
expected in Lanes 5 and 60 the only difference between
Lanes 5 and 6 is that a 100-fold more template was used in
Lane 5 than in Lane 6. Students should be able to use the
DNA size ladder in Lane 1 to determine the size of the
PCR product. Students may be able to identify which
protocol led to which gel but since some of the PCR
products are close in size between the different cDNAS,
complete accuracy may not always be possible. The PCR
results are usually straightforward with only one surprise:
one of the primers has two binding sites and so the PCR
produces two products, and hence two bands (see Figure
9).
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» NCBI/ BLAST Home

News
BLAST finds regions of similarity between biological sequences. more..

SOAP BLAST

| [T Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. | Go,
A SOAP based BLAST

service is available.
Mon, 18 Jul 2011 08:00:00
EST

BLAST Assembled RefSeq Genomes

[2) More BLAST news...

o Human o Oryza sativa o Gallus gallus
o Mouse o Bos taurus o Pan troglodytes
o Rat o Danio rerio o Microbes Tip of the Day
o i is thaliana o Apis mellifera
choose the “nucleotide blast” e e it
Basic BLAST

Ifyou are interested in
the evolution of a
particular gene or gene
famiy itis often
intetesting to examine
the intro-exon structure

(BLASTN) program HERE —|

Choose a BLAST program to run

>
. €
nucleotide blast |S€arch a nucleotide database using a nucleotide query
S Algorithms: blastn, megablast, discontiguous megablast

+ | Search protein database using a protein query

even across species.

protein blast Algorithms: blastp, psi-blast, phi-blast [ More tips...
blastx | Search protein database using a translated nucleotide query
tblastn | Search translated nucleotide database using a protein query
tblastx | Search translated nucleotide database using a translated nucleotide query
Figure 6. Home page of the NCBI BLAST tool. The red label
indicates a |link to fAnucl eoti

where students will enter their primer sequences.

» NCBI/ BLAST/ blastn suite

J blastn | biastp | blastx | tblastn | tblastx
BLASTN programs search nucleotide databases using a nucleotide query. more... Resetpage
Enter Query Sequence Sooumerk
Enter accession number(s), gi(s), or FASTA sequence(s) & Cloar Query subrange &)

From

copy then paste the primer sequence HERE To

Or, upload file
Job Title

Choose File ) No file chosen *)

search “Others (nr etc)”
then choose the
“Nucleotide collection (nr/nt)”
database HERE

Enter a descriptive title for your BLAST search @
(J Align two or more sequences &

Choose Search Set

Database OHuman genomic + transcript Mouse genomic + transcript @ Others (nr etc.): |
# [ Nucleotide collection (nr/nt) M e <
g;g::i‘sm JExclude *+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &
Exclude O Models (XM/XP) O L sample
Optional
Entrez Query
Optona Enter an Entrez query to limit search @
Figure 7.  Web page of the BLASTN program, which searches

nucleotide databases using a nucleotide query. The red labels
indicate where students should enter data, as well as under which
database set to search.

¥ Alignments

O Select All Get selected sequences Distance tree of results

>Oab|ar171092.1 27171092 (LI mus musculus Jaggedl (Jagl) mRwa, complete cds
Length=3974

GENE ID: 16449 Jagl | jagged 1 [Mus musculus] (Over 100 PubMed links)
Score = 42.1 bits (21),

Identities = 21/21 (woﬁ) Gaps = 0/21 (0%)
Strand=Plus/Plus

find the GenBank
mmummumu 21 accession number in the

I GCATCALCATOGIEA. (870 “Alignments” section HERE
.1 m Rattus norvegicus jagged 1 (Jagl), mRNA

Rattus norvegicus jagged protein mRNA, complete cds

Query 1
sbict 2850

GENE 1D: 29146 Jagl | jagged 1 [Rattus norvegicus] (Over 10 PubMed links)
Score = 42.1 bits (21), Expect

). =
Identities = 21/21 (100%), Gaps = it (0%)
Strand=Plus/Plus

note where the upstream
Primer 1 binds HERE _l

o oee LITTITOIIT o <
Figure 8. Web results of a nucleotide BLAST with one of the
Gel Scramble primers. The red labels indicate pertinent
information about the primeros

that will help students predict the size of their PCR product.

de
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Figure 9. PCR products from one of the six Mystery cDNAs.
Lane 1 contains the Molecular Weight DNA Ladder, Lane 2 is a
control containing no primers but a high concentration of the
cDNA template, Lane 3 is a control containing the upstream
Primer 1 with a high concentration of the cDNA template, Lane 4
is a control containing the downstream Primer 2 with a high
concentration of the cDNA template, Lane 5 contains both
primers with a high concentration of the cDNA template, and Lane
6 contains both primers with a low concentration of the cDNA
template. Here, a high concentration of cDNA is 10 ng/uL, and
low concentration of cDNA is 0.1 ng/uL.

Goal 3: Identify any anomalies in expected results
versus actual DNA gel results. The most challenging
part of this exercise is to explain the errors that exist in the
PCR products. Were there any gels in which the empirical
results did not match the predicted results? Were there
any other problems with the execution of the protocol?
Most errors have obvious explanations, such as failure to
add the template/ primers/ Taq polymerase to the reaction.
Many errors simply involve complete or partial reversal of
the lanes. Other errors, however, are more complex (see
Figure 10).

Students need some background knowledge in order to
complete the in silico module independently. At QU,
students were provided a short PowerPoint stressing not
only the technical details but also the vast utility of PCR
throughout the biological sciences (i.e., sequencing, site-
directed mutagenesis, forensic analysis, diagnosis of
genetic diseases, etc.). Since it was a Human Genetics
course, they focused on using PCR in forensic testing and
in genetic disease diagnosis.

QU students also were provided with web-based
resources to provide a further foundation prior to beginning
the in silico PCR task. These web-based PCR animation
resources are listed in the supplementary information (the

rogr
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get students quickly engaged in the topic of



Figure 10. Two instances of PCR results that require
explanation. The gel |l abel ed
that should not be present. Lane 4 represents a control that
should only contain the downstream Primer 2 with a high
concentration of cDNA template and a master mix with Taq
polymerase, and so should not produce any PCR product. The
lower band in Lane 4 could represent contamination by the
upstream Primer 1; the upper band in Lane 4 defies explanation.
The gel labeled Challenge #2 is more complex. Lane 5 should
(and does) contain a PCR product. Lane 6 should contain a band
of less intensity than that of Lane 5, but instead no bands are
present. Lane 3 contains a band of equal intensity to that of Lane
5, but should contain no bands as it represents a control.
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PCR they were presented with the following YouTube
video/song as they entered:
(http://Amww.youtube.com/watch?v=x5yPkxCLads).

RESULTS

We restricted our analyses on the pretest-posttest data to
the items that were relevant to that cohort. That is to say,
we analyzed the items relating to PCR for the QU students,
and endonuclease digest items for the UCLA students.
The QU st ud e arce showpdeimprogememt on
the pretest-posttest (provided in supplementary material).
The overall percentages for QU students increased from
38.59% in the pretest to 57.89% in the posttest showing a
statistically significant change of 19.30%, t(18) = 2.16, p <
0.05, two-tailed test (Figure 11). Similarly, UCLA students
showed gains from 50.00% in the pretest to 61.16% in the
posttest, with an overall change in 11.16%, as measured
by the pretest-posttest, t(21) = 3.03, p < 0.01 (Figure 11).

Affective response data is displayed in Figures 12 and
13. Approximately 70% of both QU and UCLA students
agreed with Item 02. Approximately 35% of QU students
and 65% of UCLA students agreed with Item 06. Nearly
70% of QU students and 50% of UCLA students agreed
with Item 07. Approximately 60% of QU students and 70%
of UCLA students agreed with Item 09. [Refer to Figures
12 and 13 for the full item descriptions.] Overall, the UCLA
students responded more positively to the affective
questions than did the QU students.

A free r es Prass desciibé therpurpode of
the Gel Scramble module from a learning standpoint in the
space provi ded bel owd was
posttest. Characteristic responses obtained from both
UCLA and QU students are displayed in Table 4. Nineteen
of twenty responses from UCLA students were positive;
nine out of the ten responses from QU were positive (refer
to Table 4).

DISCUSSION

Both the UCLA and QU students showed significant gains
on the pretest-posttest instrument, most of the affective
responses reflected a mixed but generally positive
experience. Although it seems like the UCLA students had
a more positive experience, the UCLA and QU students
experienced completely different aspects of the module, so
their data are not directly comparable. The free response
item overwhelmingly established that students at both

nlashtytionse ungesstopd; the pedagogicah goals jand saw
value in the experience.

Endonuclease Digest Task The endonuclease
digestion was taught as a stand-alone module as a part of
a Neuroscience Laboratory class at UCLA. Students were
asked to do a prelab in which they predicted the size of the
fragments for each of the endonuclease digest protocols
and presented these as a spreadsheet. They were also
asked to draw a to-scale schematic of the plasmid with
insert, including the endonuclease cut sites. This latter



