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Inducing the Scramble system

Starting Strain: Yeast cells containing synthetic chromosomes and the Cre plasmid
(pRS413-CreEBD) (can also have one strain with the empty plasmid pRS413). The plasmid
contains the Cre gene (remember that Cre induces the Scramble system) under the
control of the estradiol promoter. In this experiment, you will add estradiol to the cells to
induce the expression of Cre and therefore the Scramble system.

Preparation before lab: Inoculate a liquid culture in SC-Ura media and grow overnight at
30C (grow in an Erlenmeyer flask with at least 5 volumes of air per volume liquid). In the
morning, measure the OD600, dilute to an OD of 0.2 into 200 ml SC-Ura media, and grow
at 30 until mid-log phase.

Prepare selective plates. You want to pick a condition where most cells die or are very
inhibited in their growth. 7% ethanol, 2mg/ml caffeine, a temperature of 40C, and 6% salt
work well. Table 1 in this publication has additional options. The selective plates no longer
need to be SC-Ura since the plasmid is no longer needed; instead, you can use YPD media.
Typically, we use 150mm plates for selection since that gives a greater surface area and
more colonies to select from.

In-lab:
1. Measure the optical density of the yeast culture, which gives you an estimate of the cell density.

a. Your instructor will transfer 1 ml of sterile media to a cuvette. Place
in the spectrophotometer and blank the instrument. This only needs
to be done once for a class.

b. Transfer 1 ml of your yeast culture to your own cuvette. Place in
spectrophotometer and record the optical density. If the density is
greater than OD=1, dilute the cells and repeat the measurement.
Remember to account for the dilution when entering the OD into the
formula below

2. Use the formula C1V1=C2V2 (Concentrationl *Vol 1 = Concentration2 *Vol 2)
to determine the volume of cells equal to an OD of 0.1. The equation
will be:

(OD)(Volume to be determined) = (0.1) (25 ml)

Volume = ml

3. Into a sterile flask, add:
a. The volume of cells that you calculated above using a P1000


https://academic.oup.com/femsyr/article/20/2/foaa012/5809967

10.

11.

12.

b. 25 ml of SC-Ura liquid media (Media lacking uracil)
c. 5 ul of beta-estradiol (1 uM final concentration).

Incubate the culture with shaking for 2-6 hours. (The cells are SCRaMbLing now!) The time may
need to be determined empirically-more time will produce more Scrambled cells but also more
lethality.

Transfer 100 ul of the cell culture to a microcentrifuge tube.

Spin down the cells for 1 min at full speed.

Carefully remove the supernatant using a P1000 set to 1mL.

Resuspend the culture in 1 ml sterile water by gently pipetting the yeast pellet up
and down until there are no more visible clumps of cells in the tube.

Repeat steps 6-8 two more times, ending with the cells resuspended in 1 ml sterile water.

Onto your selective plate, add 100 ul water in the center of the plate. Into this
drop, add 10 ul of cells from step

Spread the cells on the plates with glass beads by shaking the plate in a figure 8
motion.

Discard beads and when the liquid has absorbed into the plates, incubate the
plates upside down at 30C for 2 days.



Measuring growth rates by serial dilution and plating

Up to now we have Scrambled the synthetic yeast chromosomes and selected for our
phenotype of interest. We selected this phenotype based on the size of colonies on the
initial selection plates (high temperature, ethanol, or caffeine). Now we need to confirm
that these larger colonies really do grow better on the selective conditions. We will do
this by:

1. Selecting 11 colonies that you believe show increased growth in the selective conditions

2. Transferring an equal number of cells from each of the 11 colonies to one well of
a 96 well plate. You also transfer cells that have not been Scrambled into a 12"
well of the plate.

3. Performing serial dilutions of those cells. This means that in each subsequent
well of the cell culture dish, you will have progressively fewer cells

4. Transfer the diluted cells from each well onto a Petri dish containing media with
the selective condition

5. Incubate the plates for 2 days and then assess the growth of the diluted cells
(both the size and the number of colonies) relative to the non-Scrambled strains.

An example of serial dilutions of yeast cells to compare growth rate on selective
conditions (size and number of cells)

Procedure

1. Obtain your yeast cells on the selective plate from last week. Your instructor
will also provide a obtain a plate with non-scrambled cells to the class.

2. Obtain a new 96-well plate. When working with the plate, keep the lid on as
much aspossible; remove the lid to add or pipette the yeast cells, but put
the lid right back on when you’re done.

3. Transfer 200 ul of sterile water to the first 12 wells in the first row of a 96-well plate.

4. Using a sterile toothpick, select a colony from the non-scrambled cells. Swirl the
toothpick into the water in the first well of water in the 96-well plate to disperse
all the yeast cells into the liquid.

5. Using a sterile toothpick, select one of the largest colonies from the scrambled
cells on the selective plate. Swirl the toothpick into the water in the first well of
water in the 96-well plate to disperse all the yeast cells into the liquid.

6. Repeat step 5 for 10 more colonies, resuspending each in a new well.
Determine the OD of the cells in each well by taking a reading on the



plate reader at an absorbance of 600 nm.

7. For each sample, calculate the volume of cells needed to prepare 200 ul of culture at an OD of
0.5 by using the formula C1V1=C2V2. Use the formula below and then complete the table below
it.

(OD measured from plate reader)(Volume of cells needed) = (0.5 OD) (200 ul).

Well 1 2 3 4 5 6

Volume of cells needed
(calculated above)

Volume of water
needed to achieve a
total volume of

200 ul

8. Obtain a new 96-well plate. Into the first row, transfer the volume of cells
calculated above for each well (ie, you are transferring the calculate volume from
well Al on plate 1 to well Al on plate 2, etc.)

9. To these cells, add the volume of water calculated above to make a total volume of 200 ul.
10. Into each of the other wells in the dish, add 200 ul of water.

11. Using a P200 pipette set to 40 ul, pipette up and down 3-4X in well Al and then
transfer 40 ul of cells to the row beneath it (well B1). Pipette up and down 3-4X in
well B1 and transfer 40 ul to well C1. Repeat all the way down to row H1.

12. Repeat step 12 for each of the 12 columns of cells (ie, transferring from A2 to B2 to C2.....)

13. Obtain 2 rectangular petri dishes with media. One should have rich media (YPD)
and the other should have your media with your selective condition. Label the
back of these plates with your initials and dates.

14. Obtain two paper templates containing the layouts of each plate. These will show
you whereon the smooth surface of the agar plate to place your cells. Place these
under each of yourdishes.




15. You should now have: your 96-well plate with diluted cells, your YPD plate, and
your selective plate. Take 2 ul from the first well (A1) of diluted cells and pipette
the liquid ontothe corresponding area of the YPD plate (A1). Take another 2 ul
from the first well (A1) of diluted cells and pipette the liquid onto the
corresponding area of the selective plate (Al).

16. Repeat step 15 for all wells of the 96-well plate that we used (Columns 1-12, rows A-H).

17. Incubate the cells at 30C (or 40C if that is your selective condition) for 2 days



Scramble Assignment

The Scramble system requires two steps: (1) introduction of the Scramble plasmids into yeast cells and selection
of those plasmids using genetic markers, and then (2) induction of the Scramble system and selection of yeast
cells with interesting properties. The questions below will address your understanding of those two steps. To
answer these questions, use:

Use your class notes

The websites listed in the questions themselves

The Synthetic Yeast design paper

The Chapter 4: Working with Yeast article that was shared with you, and

The yeast transformation video: https://www.youtube.com/watch?v=izquCFtH5Ps

vk wNE

1. The yeast strain we are using has the genotype his3deltal leu2deltaO metl15delta0 ura3deltaO.

Go to: http://wiki.yeastgenome.org/index.php/Commonly used auxotrophic _markers and look up each of the
four alleles and then complete the table below (you need to scroll all the way to the bottom of the page for the
last 3 markers)

Allele Is this marker a complete If not, what portion of the gene
deletion of the gene? is missing?

his3deltal

leu2delta

trpldelta

ura3delta



https://www.science.org/doi/10.1126/science.aaf4557
https://www.coursehero.com/file/30085487/4-yeast-culture-2013pdf/
https://www.youtube.com/watch?v=izquCFtH5Ps
http://wiki.yeastgenome.org/index.php/Commonly_used_auxotrophic_markers

2.

Each allele contains a hyperlink to the Saccharomyces Genome Database. Each of these alleles is an
auxotrophic marker, meaning that yeast containing the allele requires a particular nutrient. Under
“Name Description”, determine what nutrient yeast containing each of the alleles requires.

Allele

Name of gene

Nutrient Required

his3deltal

leu2delta

trpldelta

ura3delta

For the Scramble experiment, the Cre gene was cloned into a plasmid containing the URA3 gene as its
selectable marker, transformed into yeast, and selected on media lacking uracil (SC-Ura). Based on your
results above, what three other genes (auxotrophic markers) could have been used instead of URA3 and

what medium would you use for selection?

Where are the LoxP sites located in the yeast genome? What function do LoxP sites confer to the

genome (in the presence of the Cre protein)?
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5. Watch the Transformation of Yeast video. What percent of genes that are the same between humans
and yeast have an important role in human disease? This includes genes that are involved in cancer.
What cellular process are many of these genes involved in? (study of this process in yeast won the Nobel
Prize in 2001) Why are yeast also being used to screen new cancer drugs?

6. The figure below is the result of a Scramble experiment. The cells all express the pigment violacein
(purple-black) and they all started off making the same amount of pigment. The SCRaMbLE experiment
was performed multiple times. Each spot represents the result of an independent SCRaMbLE
experiment. Even though the experimental procedure was the same each time, why do the resulting
cells produce different levels of pigment?
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7. The figure below represents the results of a Scramble experiment. The strains labeled synV and syn V&X
are the starting strains (not Scrambled) and they contain either synthetic chromosome 5 only or
synthetic chromosomes 5 and 10. The strains are serially diluted and spotted onto rich media plates
(YPD, left) and plates with alkaline media (pH 8.0, right).

Strains yML015, yML013, yML099, yML098, and yMLOOS8 are five strains resulting from five independent
Scramble experiments. They were diluted and plated in a similar manner.

YPD, 3 days pH 8.0 (Tns), 4 days

a) Which of the strains show the greatest improvement in its tolerance for alkaline conditions
following the Scramble experiment? Describe how you can tell.

b) When performing spot dilutions like in the experiment above, why is it important to plate the cells
on both the desired condition (alkaline conditions, pH8.0) and also on rich media (YPD)? How would
you interpret the results if the Scrambled strain grew significantly better on both YPD and on
alkaline conditions?
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Extraction of Yeast DNA

Now that we’ve Scrambled the yeast DNA and selected our phenotype of interest, we need to see which gene or
region of the chromosome is responsible for our phenotype. To do this, we must extract the DNA from the yeast
and amplify the PCR Tags. This will allow us to determine, for each section of the chromosome, whether the wild-
type or synthetic DNA is present. Today we will extract the DNA, and next week, we will amplify the PCR tags. The
following week, we will run our PCR reactions on agarose gels.

Note that we will be checking localized regions along the synthetic chromosome; ideally, you
would scan the entire chromosome using PCR Tags along the entire length. Today we will extract
the DNA, and next week, we will amplify the PCR tags. The following week, we will run our PCR
reactions on agarose gels.

This protocol uses the Promega Genomic DNA kit, but any other genomic DNA kit for yeast can be
substituted.
1. Transfer 1ml of yeast cell culture into a 1.5ml microcentrifuge tube.
2. Centrifuge at 13,000—-16,000 x g for 2 minutes to pellet the cells. Remove the supernatant.
3. Resuspend the cells thoroughly in 293l of 50mM EDTA.
4. Add 7.5ul of Zymolyase enzyme, and gently pipet 4 times to mix.

5. Incubate the sample at 37°C for 60 minutes. During this time, the Zymolyase will digest
the yeast cell wall. Cool to room temperature.

6. Centrifuge the sample at 13,000-16,000 x g for 2 minutes and then remove the supernatant.
7. Add 300ul of Nuclei Lysis Solution to the cell pellet and gently pipet to mix.

8. Add 100ul of Protein Precipitation Solution and vortex vigorously at high speed for 20 seconds.
9. Let the sample sit on ice for 5 minutes.

10. Centrifuge at 13,000-16,000 x g for 3 minutes.

11. Transfer the supernatant containing the DNA to a clean 1.5ml microcentrifuge tube.

Note: Some supernatant may remain in the original tube containing the protein
pellet. Leave this residual liquid in the tube to avoid contaminating the DNA
solution with the precipitated protein.

12. Add 300pl of room temperature isopropanol and gently mix by inversion. You may
see thread-like strands of DNA forming a visible mass.

13. Centrifuge at 13,000-16,000 x g for 2 minutes.

14. Carefully remove the supernatant with a P1000 pipet. Add 300ul of room temperature 70% ethanol
and gently invert the tube several times to wash the DNA pellet.
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15. Centrifuge at 13,000-16,000 x g for 2 minutes. Carefully remove the supernatant with a P1000 pipet.

16. Centrifuge at 13,000-16,000 x g for 30 sec. Carefully remove the supernatant with
a P200 pipet. Allow the pellet to air-dry for 10-15 minutes by leaving the tube sitting
open in arack.

17. Add 50pul of DNA Rehydration Solution.

18. Add 1.5ul of RNase Solution to the purified DNA sample. Vortex the sample for 1 second. Centrifuge
briefly in a microcentrifuge for 5 seconds to collect the liquid and incubate at 37°C for 15 minutes.

19. Nanodrop the samples to determine the concentration of DNA. Turn on the machine, use DNA
Rehydration Solution to “blank” the reading, then add 1 ul of your DNA solution to the machine and
collect the reading.

Concentration: ng/ul 260/280 :




Amplification of PCR Tags

For each strain of yeast, we will now verify that the strain contains both one copy of the wild-type chromosome
and one copy of the synthetic chromosome, as expected. In amplifying these regions, you will also be able to
determine whether there are any structural changes in these regions of the chromosomes that are the result of

the Scramble process; these will be visible as larger, smaller, or missing DNA bands.

For this procedure, you will amplify three strains of DNA:

1. Wild-type (non-synthetic strain)

2. Synthetic strain prior to Scrambling

3. Your synthetic Scrambled strain.

Each strain of DNA will be amplified with the following primer sets:

1. YELO71W gene, wild-type primers
2. YELO71W gene, synthetic primers
3. YER188W gene, wild-type primers
4. YER188W gene, synthetic primers

Therefore, your reactions will be:

Template DNA

Primer 1

Primer 2

Wild-type

YELO71IW_F_WT

YELO71W_R_WT

Wild-type

YELO71W_F_SYN

YELO71W_R_SYN

Wild-type

YER188W_F_WT

YER188W_R_WT

Wild-type

YER188W_F_SYN

YER188W_F_SYN

Synthetic, non-Scrambled

YELO71IW_F_WT

YELO71IW_R_WT

Synthetic, non-Scrambled

YELO71W_F_SYN

YELO71W_R_SYN

Synthetic, non-Scrambled

YER188W_F_WT

YER188W_R_WT

Synthetic, non-Scrambled

YER188W_F_SYN

YER188W_F_SYN

I |IN[O(L[HAR|W|IN|F

Synthetic, Scrambled

YELO71IW_F_WT

YELO71IW_R_WT

[EEN
o

Synthetic, Scrambled

YELO71W_F_SYN

YELO71W_R_SYN

=
[

Synthetic, Scrambled

YER188W_F_WT

YER188W_R_WT

[EEN
N

Synthetic, Scrambled

YER188W_F_SYN

YER188W_F_SYN

Protocol:

1. Dilute your DNA to a concentration of 20 ng/ul by using the formula C1V1=C2V2.

2. Obtain one set of 12-tube PCR strip tubes. Distribute 12.5 ul of the 2X PCR master mix to each of your 12 PCR

tubes.

3. To each tube, add 5 ul of the corresponding primer (1 uM concentration) according to the table above. It is
highly recommended that you make a check mark next to each primer as you add it to the tube to keep yourself

organized and to remember what was added.




4. To each tube, add 2.5 ul of template DNA according to the table above.
5. Cap your tubes (make sure they are on tightly!) and place them in the PCR thermocycler.
6. Make sure that the machine is set to the following program:

94 deg, 30 sec

30 cycles of 94 deg for 30 sec, 64 deg for 30 sec, 68 deg for 1 min
68 deg, 5 min

15



Genome Databases Assignment

Step 1: DNA alignment: What portion of the chromosome are we amplifying?

The first thing that we would like to do is to determine what sequence in the yeast genome our DNA
primers (PCR Tags) correspond to. This can be accomplished by performing an alignment. The
sequences of our PCR tags are (remember there are two primers for each PCR reaction):
>PCRTag 1

GTCAGGGTCCAATAAGAGACAC

>PCR Tag 2

CCACCTTGTGGTACTACTGCCA

>PCR Tag 3

ATGTCGGATCCAAGTTCTATTAAC

>PCRTag4

TTCTTCCTTCAACTTATATAGGTT

Align each of the PCR tags to the reference genome using BLAST and complete the table below.

16



Table 1.

PCR Tag

PCR Tag

PCR Tag

PCR Tag

How many hits does your query retrieve?

What is the score (bits) for your top hit?

For your top hit, what is the probability the
alignment would occur by random chance (the
e-value)?

Scroll down to look at the aligned sequences.
What is the percent sequence identity between
the search result and your query sequence?

What chromosome is your sequence on?

What are the chromosome coordinates of the
sequence?

For one of your PCR tags, go back and shorten
your query sequence by three nucleotides.
What does this do to the e-value of your BLAST
hit(s) and why?

17
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Step 2: Annotation: What is the location of the sequence in the genome?

From your top alignment, click on “Genome Browser”. This will give you a visual representation
of the chromosome, including the sequence that your primer corresponds to. The yellow vertical line
corresponds to the boundaries of your query sequence. Genes (open reading frames or ORFs) are
colored red. There are many other genomic features that are indicated as well. Click on the name of
the gene that corresponds to your DNA sequence. This will give you information about this gene.

Table 2.

PCR tags 1 and 2 PCR tags3and 4

What is the name of this gene?

What is the length of this gene?

What is the position on the chromosome
of this gene (starting and ending
coordinates)?

Is this gene encoded on the positive or
negative strand of the DNA double helix?

What is the systematic name (ID) of this
ORF?

What is the function of this gene?




Step 3: Annotation: Learn more about your gene:

Click on the name of the gene, which will take you to the gene page where there is even more
information, including functional information, links to information on gene and protein interactions,
and perhaps a summary paragraph about the gene. Complete the table below for both of your DNA
sequences.

Table 3.

PCR Tags 1 and 2 PCR Tags3and 4

What is the closest gene just
upstream of your gene?

What is the closest gene just
downstream of your gene?

Does this gene make a
protein? If so, what is its
length in amino acids? About
how many copies of this
protein exist in the cell?

Is this gene essential in the
yeast cell? (You can tell this by
looking in the Phenotype
section; next to “null”, it
should say either that the null
mutation (deletion) is viable or
inviable).

Does this gene have a human

homolog, and if so, what is it?

(You can tell this by looking in
the Phenotype section).

Is the human homolog
associated with any disease,
and if so, which one (you can

tell this by looking in the
Disease section).
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Gel Electrophoresis

Last week we set up a series of PCR reactions to determine the changes induced in our synthetic yeast strain
after the scrambling experiment. We used 4 pairs of primers to amplify WT and synthetic versions of two
different genes. In the case of the synthetic DNA the primers were designed to be complimentary to a series of
DNA watermarks called PCR Tags. The PCRs we set up last week were:

Amplification of the following three strains of DNA:
1. Wild-type (non-synthetic strain)

2. Synthetic strain prior to Scrambling

3. Your synthetic Scrambled strain.

Each strain of DNA was be amplified with the following primer sets:

1. YELO71W gene, wild-type primers
2. YELO71W gene, synthetic primers
3. YER188W gene, wild-type primers
4. YER188W gene, synthetic primers

Now, we need to visualize our amplifications by running our PCR products on an agarose gel to Remember
that agarose gel electrophoresis separates DNAs based upon their size. You can determine the size of each of
your DNAs by comparing the size of your band to the size of the DNA marker (the 2-Log DNA ladder), which you
will run on the gel with your DNAs.

Pouring a Gel:

1. Weigh out 0.5 g of agarose on a piece of weigh paper. Transfer to an Erlenmeyer flask. Add 50 ml of 1x
TAE.

2. Place the flask on a hot plate and heat until the agarose is completely transparent and colorless. Using a
rubber heat mitt, periodically swirl the flask to ensure that the agarose is melting evenly. If there is any
cloudiness or particulates, then place the agarose back on the hot plate for additional time until clear (check
frequently).

3. Remove the flask of clear agarose and allow it to cool. This will take about 10 min. If you can hold your
hand on the flask for 20 sec, then the agarose is cool enough to pour. (Warning: if poured while too hot, the

agarose will leak and warp the plastic gel tray.)

4. While the agarose is cooling, place the gel tray into the gel box and add the black blockers and two
combs; one at the top and one in the middle.

5. When the agarose is cool, bring it to the instructor to add 1 ul of ethidium bromide to the melted agarose
(CAUTION: ethidium bromide is a mutagen. Wear gloves at all times when handling gels and gel equipment!).

6. Swirl the agarose to incorporate the ethidium bromide and pour the agarose into the gel tray —your gel
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should be about 1 cm thick.

7. Allow at least 20 minutes for the gel to solidify. Once solid, carefully remove the comb and the black
blockers.

8. On a piece of parafilm, spot out 2 ul of 6x DNA loading dye with a P20 pipet. You should have 12 spots
(one for each of your PCR products). Wait until your gel has started to solidify before beginning this step

since the spots will dry out after ~10 minutes.

9. Add 5 ul of water to each spot of dye.

10. Add 5 ul of each PCR product to a separate spot of dye in this order:

Template DNA

Primer 1

Primer 2

Wild-type

YELO7IW_F_WT

YELO7IW_R_WT

Wild-type

YELO71W_F_SYN

YELO71W_R_SYN

Wild-type

YER188W_F_WT

YER188W_R_WT

Wild-type

YER188W_F_SYN

YER188W_F_SYN

Synthetic, non-Scrambled

YELO7IW_F_WT

YELO71W_R_WT

Synthetic, non-Scrambled

YELO71W_F_SYN

YELO71W_R_SYN

Synthetic, non-Scrambled

YER188W_F_WT

YER188W_R_WT

Synthetic, non-Scrambled

YER188W_F_SYN

YER188W_F_SYN

OO |IN|OLARWIN |

Synthetic, Scrambled

YELO7IW_F_WT

YELO71IW_R_WT

[E
o

Synthetic, Scrambled

YELO71W_F_SYN

YELO71W_R_SYN

[EEY
[N

Synthetic, Scrambled

YER188W_F_WT

YER188W_R_WT

[y
N

Synthetic, Scrambled

YER188W_F_SYN

YER188W_F_SYN

To ensure your samples do not dry out, work with your partner to split up your 12 samples into 2 sets of 6 and

mix water and sample as described above. Load the mixed samples into the wells of the gel as described below.
Repeat for the other person and load them as well.

Running a Gel:

1. Into the first lane of the gel load 5 ul of the 2-Log DNA ladder.

2. Into lanes 2-13, load 10 ul of each of your mixed PCR products.

3. Add 5ul of ladder to the 14 well.

4. Repeat for the second set of wells.

3. Place gel lid with electrodes on gel box. REMEMBER DNA RUNS FROM NEGATIVE (black) TO POSITIVE



(red). CHECK YOUR LEADS: BLACK SHOULD BE AT THE TOP, RED SHOULD BE AT THE
BOTTOM!

5. Set voltage to 100V. You should see bubbles coming up from the wire electrode.

6. After a few minutes, check to make sure everything is going smoothly. Run gel
approximately 30 minutes or until the dye is 2/3 of the way down the gel.

7. Take a picture of your gel.
8. Use the DNA ladder (a picture is on the right) to approximate the size of your PCRs

9. Discard everything once you are done.
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Error Correction in HighThroughput Datasets

Background

Next-generation sequencing has revolutionized both biological research and clinical medicine, with
sequencing of entire human genomes being used to predict drug responsiveness and to diagnose disease. In
contrast to traditional Sanger sequencing, next-generation sequencing datasets have shorter read lengths and
higher error rates. This can create challenges for downstream analysis since even a small error rate will result in
a large number of sequencing reads that contain errors due to the abundance of sequencing reads. Indeed,
Illumina MiSeq data produces reads with an error rate of 0.1% (Glenn 2011), yet this corresponds to only ~85%
of the 150 bp sequencing reads (.999%°) being error-free.

The biological sciences increasingly require the analysis of large datasets, and these highthroughput
experiments require strict attention to quality control. We will work with raw sequencing reads from a
eukaryotic genome sequencing project to identify sources or error, analyze the quality of the data set and then
effectively employ error correction strategies.

Importing data into Galaxy

As an input, you will be given the raw sequencing data from a next-generation sequencing experiment using
[llumina technology. Complete the following steps:

1. Go to the Galaxy website (https://usegalaxy.org/)

At the top of the website, click on "User" and then click on "Register" and sign up for an account.

3. Once on the Galaxy website, there is a panel on the right labeled "History". Click the plus (+) symbol to
create a new history. Click on the name just below the search bar to rename your new history.

4. On the left, under the search bar in the “Tools” tab, click the button labeled “Upload Data” and a pop-up
should appear. You can find files on your computer using the “Choose Local Files” button, or you can
open your files tab separately and drag the files to the space labeled “Drop files here.”

N

Understanding the data format.
Your data is encoded in FASTQ format. Once your data file has uploaded, click on the eye icon, and your data
should look like the data below:

@HWUSI-EAS100R:6:73:941:1973#0/1
TCTTTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAANGAATTG
@HWUSI-EAS100R:6:73:941:1973#0/1
hhhhhhhhfhhhhhhhhhbhbhhffZffacacchghgffehhf[[B]\___ °

Here is how to interpret FASTQ format:

Line 1: This is the FASTQ header.
HWUSI-EAS100R the unique instrument name
6 flowcell lane

73 tile number within the flowcell lane



941
1973

#0
/1

'x'-coordinate of the cluster within the tile

'y'-coordinate of the cluster within the tile

index number for a multiplexed sample (0 for no indexing)

the member of a pair, /1 or /2 (paired-end reads only)

24

Line 2: This is the DNA sequence. N nucleotides represent ambiguous bases whose identity could not be
determined with confidence.
Line 3: This is a separator line (your header again).

Line 4: These characters represent the quality scores. There is one ASCll-encoded character for each

nucleotide in your sequence in line 2. Each character can be converted into a probability that the

nucleotide was identified in error (step 3 below).

Converting ASCII characters to PHRED scores and then to error probabilities. ASCIl characters can be

converted to a numerical score using the lookup table below.
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What is the numerical score for the ASCII character ‘h’?
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These numerical scores can be converted into PHRED scores, which are the quality scores for DNA
sequencing data with the PHRED score representing the quality of the sequencing data at that

position. lllumina data uses a PHRED33 encoding system, which means that numerical score

above can be converted to a PHRED score by subtracting 33 from the numerical score above.

What is the PHRED score for the ASCII character ‘I'?

The PHRED score is related to the accuracy of the sequencing data according to the following

formula:

PHRED score =-10 logio(Pe) where P, is the probability that the base was identified in error

What is the probability of error for a nucleotide associated with the ASCII character ‘I'?
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Analysis of overall data quality

While we can manually convert ASCII characters into PHRED scores and error rates, Galaxy will perform this
analysis for us, converting the ASCII score for each nucleotide to a PHRED score. To help us make sense of the
large volume of data, we will use statistical analysis to summarize the quality of our data.

Summary statistics to analyze PHRED scores. Go to the Tools tab on the left side of your screen. Under
Genomic File Manipulation, click on FASTQ Quality Control, then click on “FastQ Summary Statistics by

column”. Make sure that the proper FastQ data file is selected in the input window at the top and then
click “Execute”. Your output file should have many columns that look like the one below:

#column H count HminHmax H sum H mean H Q1 H med H Q3 ‘

1 | 4808294 | 2 || 40 | 167101114 | 34.7526823443 |36.0]39.0] 40.0]

column = column number (1 to 50 for a 50 nucleotide Illumina sequencing read)

count = number of bases found in this column (equal to the number of sequencing runs)
min = Lowest quality score (PHRED) value found in this column.

max = Highest quality score (PHRED) value found in this column.

sum = Sum of quality score(PHRED) values for this column.

mean = Mean quality score (PHRED) value for this column.

Q1 = 1st quartile quality score (PHRED).

med = Median quality score (PHRED).

Q3 = 3rd quartile quality score (PHRED).

Copy and paste this data into an Excel spreadsheet.

What is the median PHRED score for your data in column 1?
What is the mean PHRED score for your data in column 1?

Using this information, what conclusions can you make about the quality of your data?

Analyzing sources of error.

We will now use the quality control tool to analyze sequencing reads individually and to analyze all of the
sequencing reads one position at a time. This will help us to identify any systematic sources of error that we can
then remove.

3.

FastQC quality control. Go to the Tools tab on the left side of your screen. Under Genomic File
Manipulation, click on FASTQ Quality Control, then click on “FastQC”. Select as an input in the top bar
your raw sequencing data in fastgsanger format. Click “Execute”. This will output two new files, one
labeled “RawData” and one labeled “Webpage”.

Go to the History tab on the right side of your screen. Find the output files from step 3, then find the file
labeled “Webpage”. Click on the eye icon next to this file. Under “Summary” in the middle of the screen,
click on “Per Base Sequence Quality”. This will display a boxplot of the PHRED scores of your sequencing
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read one nucleotide at a time (It can be helpful to minimize the Tools tab by clicking on the arrow in the
bottom left corner of the screen). For example, the first box and whiskers plot represents the summary
data for the first nucleotide of all of the sequencing reads. The second box and whiskers plot represents
the summary data for the second nucleotide of all of the sequencing reads. Right click on the data to

save as a JPEG.

5. Next, click on “Per Sequence Quality Scores”. This shows you the average sequence quality for each
individual sequencing read. What would you estimate as the mean quality score of your sequencing
reads? Are there any sequencing reads that contain a substantially higher or lower quality score? Right
click on the data to save as a JPEG.

Correcting errors in the dataset.

Based upon your analysis of error sources above, we will perform error correction steps to improve the
quality of the data and then we will perform FastQC quality control once again to see if there has been any
improvement in the quality of the data.

In a large dataset, some sequencing reads will be of overall poor quality. If you have a problem with low quality
sequencing reads (visible when you look at Per Sequence Quality Scores), perform filtering using step 6 below.
6. Go to the Tools tab on the left side of your screen. In the search bar, type in “Filter by quality” and scroll

down the search results until you find the one that just says Filter by quality. For “Input FASTQ file”,
select your raw sequencing data from step 1. For your “quality cut-off value”, use a PHRED score of 13.
For the “Percent of bases in sequence that must have quality equal to / higher than cut-off value”, set
the value to 100. Click “Execute”.

As sequencing reads get extended, the sequencing quality becomes poorer. If you have a problem with low
quality data toward the end of your sequencing read (visible when you look at Per Base Sequence Quality),
perform trimming using step 7 below.

7. Go to the Tools tab on the left side of your screen. In the search bar, type in “Trim sequences” and scroll

down the search results until you find the one that just says Trim sequences. For “Input File”, select
your raw sequencing data from step 1. For “First base to keep”, use 1. For “Last base to keep”, use 44.
Click “Execute”. [Note: the sequences that you analyze for your paper will be much longer than these
sequences and you will want to keep more than 44 bases!]

Analysis of error correction

Now that we have performed error correction on our sequencing data, we would like to look at the
summary statistics for our sequencing data again to see what kind of an improvement we have made.

1. Summary statistics to analyze PHRED scores. Go to the Tools tab on the left side of your screen. Under
Genomic File Manipulation, click on FASTQ Quality Control, then click on “FastQ Summary Statistics”.
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Make sure that you select the data file following error correction in the input window and then click
“Execute”. Your output file should have many columns that look like the one below:

| #column || count ||min||max || sum || mean || Q1 || med || Q3 |
| 1 || 4808294 | 2 | 40 || 167101114 || 34.7526823443 | 36.0]/39.0]/40.0]

What is the median PHRED score for your data in column 1?

What is the mean PHRED score for your data in column 1?

What conclusions can you make about the quality of your data following error correction? Copy and
paste this data into your Excel spreadsheet.

2. FastQC quality control. FastQC quality control. Go to the Tools tab on the left side of your screen.
Under Genomic File Manipulation, click on FASTQ Quality Control, then click on “FastQC”. Select as an
input your filtered data. Click “Execute”.

3. Click on “Per Base Sequence Quality” and look at the graph. How has your sequencing data changed as
a result of error correction? Right click on the data to save as a JPEG.

4. Click on “Per Sequence Quality Scores” and look at the graph. How has your sequencing data changed
as a result of error correction? Right click on the data to save as a JPEG.

Include in the data section of your paper:
1. An Excel table containing the output from the Summary Statistics analysis for your data. Include analysis
of data prior to error correction and following error correction. For each corrected dataset, make sure
that the error correction parameters are noted in the legend for the table.

2. Histograms showing the Per Sequence Quality Scores prior to prior to error correction and following
error correction. For each corrected dataset, make sure that the cutoff values that you used for error
correction are noted. Make sure to include figure legends.

3. Boxplots showing the Per Base Quality Scores prior to error correction and following error correction.
For each corrected dataset, make sure that the error correction parameters (which nucleotides were
trimmed) are noted. Make sure to include figure legends.

Things to discuss in your paper:
1. Why is it important that sequencing data includes a numerical measure of error in addition to the
nucleotide sequence? How did you evaluate the overall quality of your original dataset? What piece(s)
of data did you use and how did you interpret it/them?

2. How did you identify source(s) of error in your sequencing data? What piece(s) of data did you use and
how did you interpret it/them? Where (based upon the chemistry of the DNA sequencing reactions) did
these error(s) originate?
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How did you determine what error correction parameters to use? Why did you select these values as
opposed to stricter or more lenient error correction parameters?

How did your sequence improve based on the error correction steps that you used? What pieces of data
justify your analysis?
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Identification of SNPs in lllumina Sequencing Data
Goal
To identify any SNPs in our sequenced genomes that are not present in the reference yeast genome.

Note: Each of these steps follows the preceding step in order, so make sure that the input for each of these
steps is the output file from the immediately preceding step.

Aligning data to the reference yeast genome

First, we need to take each of our sequencing reads and determine what position in the reference genome they
correspond to.

1. Mapping data to the reference genome. To align your data to the reference genome, go to the Tools
tab on the left side of your screen. In the search bar type “Bowtie2” and in the search results click on
the first one labeled Bowtie2.

Under “Is this single or paired library” at the top, select “Paired-end”

Select the data from your two paired end reads as the inputs

Scroll all the way down to “Do you want to tweak SAM/BAM Options?” and select Yes. Just below
that, under “Would you like the output to be a SAM file” set the switch to Yes.

Click “Execute”.

The output of the Bowtie2 mapping program is a SAM file. The Sequence Alignment/Map (SAM) format is a
generic nucleotide alignment format that describes the alighment of sequencing reads to a reference sequence.

Filtering out reads that do not map to the reference genome.

The SAM file now needs to be filtered so that we select only reads that are proper paired-end reads and that
also map to a unique position to the reference genome (ie. we want to filter out sequencing reads that map
simultaneously to multiple positions in the reference genome).

1. Goto the Tools tab on the left side of your screen. Under Genomic File Manipulation, click on
SAM/BAM, and click on Filter SAM, which should be all the way at the bottom of the list.
Click “Add New Flag”

Select Flag 1, set “Type” as “Read is paired”, and set the state to “Yes”
Click “Add New Flag”

Select Flag 2, set “Type” as “Read is mapped in proper pair”, then “Yes”
Click “Add New Flag”

Select Flag 3, set “Type” as “Read is unmapped”, set the state to “No”
Click “Execute”.

2. Converting file formats. We must now convert the SAM file to a binary BAM file. To change the file
format, go to the Tools tab on the left side of your screen. Under Genomic File Manipulation, click
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on SAM/BAM, then scroll down the list and click on SAM to BAM. Make sure the SAM file you just
filtered is the one selected.
Click “Execute”.

3. Determining how many of our reads map to the reference genome. One of the important metrics
that describes our sequencing data is the percentage of sequencing reads that map uniquely to the
reference genome. Go to the Tools tab on the left side of your screen. Under Genomic File
Manipulation, click on SAM/BAM, and click on Samtools flagstat. Make sure your converted BAM
file from step 2 is selected. Click “Execute”.

Once the file turns green, view the data using the eye icon.

Record the number of sequences that map to the reference. View your original paired-end
sequencing data using the eye icon and record the original number of sequences. Calculate and
record the percentage of sequences that map to the reference.

Identifying SNPs

To identify SNPs, we need to line up all the sequencing reads at each position (a pileup file), determine the
consensus nucleotide at each position, and then identify any nucleotides that do not match the reference
genome.

4. Generating a pileup file. Go to the Tools tab on the left side of your screen. Under Genomic File
Manipulation, click on SAM/BAM, then scroll down the list and click on Generate pileup.
Keep all the defaults, but for “Call consensus according to MAQ”, click “Yes”.

Click “Execute” and then click the eye icon to view the data.

Each line in the file includes information on:

Column 1: The chromosome

Column 2: The nucleotide position on the chromosome.

Column 3: The reference base at that position

Column 4: The consensus base from the sequencing data at that position
Column 5: The average quality score for each read covering that position
Column 8: The coverage (number of sequencing reads) at that position

5. Convert file format. Click the pencil icon next to the file from step 4. At the top, under the
“Datatype” tab, change the file format to “pileup” if it is not already selected. Click “Save”.

6. Examining coverage. To see how well the various positions in the genome are covered, Go to the
Tools tab on the left side of your screen. Under Statistics and Visualization, click on Statistics, then
scroll down the list and click on Summary Statistics. Make sure your converted file from step 5 is
selected.

For “column or expression”, enter c8. Click “Execute” and then click the eye icon once the file
has turned green.
Record the mean coverage for the genome.

7. Compare the consensus to the reference genome to identify variants (SNPs). We now need to filter
the pileup file so that we have a file that contains only nucleotides that vary from the reference
genome.
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Go to the Tools tab on the left side of your screen. Under Genomic File Manipulation, click on
SAM/BAM, then click on Filter pileup.
Under “which contains” select “Pileup with ten columns (with consensus)”
For “Do not consider read bases with quality lower than”, enter 20
For “Do not report positions with coverage lower than”, enter 6
For “Only report variants” select Yes
For “Convert coordinates to intervals” select Yes
For “Print total number of differences” select Yes
For “Print quality and base strings” select No
Click “Execute”

This will produce a file with only those nucleotides that vary from the reference

Separating true SNPs from sequencing errors

If you click on the eye icon to view the filtered pileup file, you will notice that for most of the positions in the
genome, the consensus base is identical to the reference base (ie, it does not appear to be a SNP!) This is
because the file contains all of positions in the genome where any sequencing read differs from the reference,
even if the consensus base at that position is identical to the reference. We can distinguish between sequencing
errors (where the variant base is present in few sequencing reads) and true SNPs by filtering out variant bases
that are not present in >80% of the sequencing reads at that position.

8.

For each variant, calculate the percent of the sequencing reads that support that variant.

In your filtered pileup file, column 15 represents the total number of reads at each position and
column 14 represents the number of sequencing reads that vary from the reference at that
position.

Go to the Tools tab on the left side of your screen. Under General Text Tools, click on Text
Manipulation, then click on Compute.

For “Add expression”, enter (c15/c14)*100

For “Round result” enter No.

Click “Execute”

This will add a column (column 16) which tells you the percent of sequencing reads supporting each
variant.

Only keep variants that are present in 80% or more of the sequencing reads.

Go to the Tools tab on the left side of your screen. Under General Text Tools, click on Filter and Sort,
then click on Filter.

For “With following condition”, enter c16>80

For “Number of header lines to skip”, enter 0

Click “Execute”.

This produces a file that only contains SNPs that are present in >80% of the sequencing reads.
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Identify variants that are unique to the evolved (scrambled) strain

The original strains that we used for our scramble experiments (the unscrambled strains) are not the same
strain of yeast that serves as the reference genome. Therefore, some of the variants that we have identified will
be present in the starting unscrambled strain and some will be unique to the scrambled strain. We want to
remove the SNPs that are present in the unscrambled strain so that we are left only with the SNPs that are
unique to the scrambled strain.

10. Identify variants that are unique to the scrambled strain (not present in the unscrambled strain).

Go to the Tools tab on the left side of your screen. Under General Text Tools, click on Join, Subtract,
and Group, then click on Compare two datasets.
For the first dataset, select your filtered data from step 9 on page 4.
For the second data set, you must upload a file for SNPs in an unscrambled genome.
This data should come from your original yeast strain containing synthetic chromosomes that
have not been subjected to scramble.
Compare your two RO strain datasets using column 2 (the chromosome coordinates) to find
Nonmatching rows of first dataset.

Click the disk icon to download your data in a format that can be opened in Excel.

The result of all of your analysis should be a file containing SNPs that:
e are supported by properly mate-paired sequencing reads (step 1)
e are supported by sequencing reads that map to unique positions in the genome (step 1)
e are supported by sequencing reads of quality >20 (step 7)
e are at positions that have been sequenced >6 times (step 7)
e are present in >80% of the sequencing reads at that position (step 9)
e are unique to the evolved (scrambled) strain (step 10)

Things to include in your report:

A table including:
e The total number of initial sequencing reads (from Step 3)
e The percent of unique reads that map to the genome (from Step 3)
e The mean genome coverage (from Step 6)

A second table that includes data downloaded from step 10:
e The chromosome number (Column A)
e The numerical position of each SNP (Columns B and C)
e The base (A, T, C, or G) in the reference genome (Column D)
e The base in the sequenced genome (Column E)
e The percent of sequencing reads that support each variant (column P)
e You do not need to include columns F through O

References
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Visualizing Sequence Variants

Using Galaxy, you identified SNPs in evolved yeast cells. Now we want to:
e Verify that those SNPs are real and not just sequencing errors
e Determine where in the genome (in what gene, for example) the SNPs are located and whether they
alter the protein coding sequence

To accomplish this, we will examine the raw data (the individual sequencing reads) aligned to the reference
yeast genome using the Integrated Genome Viewer (IGV).

Open the Genome Viewer
1. Go to http://www.broadinstitute.org/igv/ and download the genome viewer.
Double click the IGV2.1 icon to open the Integrated Genome Viewer browser.

2. Inthe top left corner from the pull-down menu, select S. cerevisiae (SacCer3) as your genome.
Loading the Data

There are two ways to load data into IGV:

1) Download your BAM files and open them in IGV. To open a BAM file, IGV needs both the BAM file itself with
the .bam label, and an Index file of the exact name with the label .bai

- In Galaxy, click on your BAM file. In the grey bar below the file name there are several icons. Click on the first
one that looks like a floppy disc labeled Download. It should give you the option to download either the dataset
(the BAM file) or the BAM Index file. Download both files and move them to their own folder on your computer.
-In IGV, go to File, then Load from File. Find the files you downloaded from Galaxy, select your BAM file and click
“Open”. It may take a few seconds for the data to load.

2) Upload the files directly to IGV from Galaxy. We have found that some people experience problems when
trying to open the files within IGV itself; this method can circumvent those issues by taking them directly from
Galaxy

-In Galaxy, click on your BAM file. Below the grey toolbar, there are several display options available. Make sure
you have IGV downloaded to your computer, then find the option labeled “display with IGV”. Next to it there are
two options: local and S. cerevisiae (sacCer3). Click on the S. cerevisiae link, and it should download a file to your
computer. Open this file (Your computer may ask you to download / update Java for this to work). This should
open up IGV automatically and display the reads you input.

Once you have opened the file in IGV, you can now view your reads against the S. cerevisiae (sacCer3) genome.
To look at an individual chromosome, like chromosome |, go to the top of the viewer, where you will have
several drop-down menus. In the middle drop-down menu, select chrl; this will take you to chromosome | of
yeast.
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Visualizing the Data

Just below the drop-down menus, you will see a ruler. Just above the ruler is a double-sided arrow that will
indicate the length of chromosome that is visible in the viewer (it should start at 229kb, the size of yeast
chromosome 1). To zoom in on the sequencing data, click on the ruler and drag the mouse across the region
that you want to zoom in on. You should suddenly see four new features:

o Adata track (a gray track that looks like a mountain range). Hover your mouse over this region and you will
note that at each position, you will get data for the Total Count (the number of sequencing reads that
include that particular base), as well as the number and percentage of sequencing reads that have either
and A, C, T, G or N (undetermined nucleotide) at that position.

o An alignment track consisting of many rows of thick gray arrows that represent individual sequencing reads.
Note that some arrows point to the left and others point to the right. Hover over one of the tracks and the
viewer will give you information about that sequencing read, including the Phred quality of the sequencing
read.

o A multicolored feature track (red, blue, green, and brown) that represents the nucleotide sequence of the
reference yeast strain. Keep zooming in if necessary to see the letters of the sequence. Below the nucleotide
sequence will the amino acid sequence in all three possible reading frames (only one of which is the correct
reading frame for this particular protein).

o Ablue line that represents the amino acid sequence of the reference yeast strain. Note that not all
nucleotides code for amino acids-the proteins are represented by the thicker blue lines, with white arrows
indicating the direction of the coding sequence. Keep zooming in if necessary to see the letters of the amino
acid sequence.

To zoom back out, hover over the gray alignment tracks that represent the individual sequencing reads, then
hold down the Alt key and press the minus sign.

There is a great 5-minute video on Youtube from IGV’s channel explaining these features further:
https://www.youtube.com/watch?v=E G8z 2gTYM

Verify all mutations

Using Galaxy, you produced a list of SNPs in evolved strains. You now want to use IGV to verify those mutations
and determine whether they have altered the protein.

3. You can go directly to the mutation of interest by typing its genomic location (chromosome and
nucleotides) into the white box at the top center.

4. Confirm each mutation as being authentic only if it is present in >80% of the sequencing reads
(remember that you can determine this by hovering over the data track).


https://www.youtube.com/watch?v=E_G8z_2gTYM
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5. At the bottom you will see the sequence of the amino acids so that you can determine what change
(if any) occurred at the protein level. Use the codon table on the next page to determine whether
there is a change to the amino acid.

Note: when determining changes to the amino acid, make sure that the gene sequence corresponds
to one of the three amino acid sequences immediately above it. If the two do not agree, your
gene may be on the Crick strand of the DNA. Click the arrow to the right of the word “Sequence”
and this will change the amino acid translation to the Crick strand. One of the three translations
should now match the protein sequence at the bottom. Note that your nucleotide sequence
should now be read from right to left!!

TABLE

64 RNA Codons and the Corresponding 20 Amino Acids

U Cc A G
uuu Phe ucu UAU Tyr UGuU Cys
U UUC} (F) ucc Ser UAC } (Y) UGC } (C)
UUA Leu UCA {S) UAA Ocher | UGA Opal
uuG } (L) UcG UAG Amber| UGG } Trp(W}
Ccuu ccu CAU His CGU
Cj|Cuc Leu CcC Pro 7 CAC'} (H) CGC Arg
CUA (L) CCA {P} CAA Gln CGA (R)
CuG CCG CAG } Q) CGG
AUU ACU AAU Asn AGU Ser
Aj AUC } lle ACC Thr AAC } (N) AGC } (S)
AUA (1) ACG [ (T AAA Lys | AGA Arg
AUG Met(M) ACG . AAG } (K) AGG } (R)
GUU GCU ) GAU } Asp GGU
G| GUC Val GCC Ala GAU (D) GGC Gly
GUA} v | aea [ & | 6aay Gl GGA} @)
GUG GCG ~ GAG } (E) GGG




Supply List

Empty plasmid (pRS413)

Obtain from network

PCR tag primers

Sequences in Scramble lab
manual

WT DNA and synthetic DNA

Extract from cells using
Promega Genomic DNA kit

Spectrophotometer cuvettes VWR 97000-586
150 mm plates VWR 25384-326
Glass plating beads VWR 76019-982
96-well plates (2 per student) VWR 82050-652
OmniTray (2 per student) VWR 62409-600
PCR strip tubes VWR 53509-306
Beta estradiol Sigma Aldrich E8875
Promega Wizard genomic DNA
kit Promega A1120
2X PCR master mix NEB M0482
Zymolyase 20T Amsbio 120491-1
Bacto Agar VWR 90000-760
SC-Ura ligquid media

YNB w/0 ammonium

sulfate, w/o amino

acids VWR 90002-646

Ammonium sulfate

Dextrose

SC-Ura dropout mix Sunrise science
YPD media VWR 76470-208

96-well paper templates

EDTA (50mM solution)

Isopropanol and ethanol

Equipment Needed

Spectrophotometer to measure cell density
Plate reader for absorbance (alternatively can use the cell counter setting on a NanoDrop

spectrophotometer or can use a regular spectrophotometer with a larger volume)

1. 30Cshaker
2. 30Cincubator
3.

4,

5.

6. Thermocycler

NanoDrop spectrophotometer to measure DNA concentration
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https://us.vwr.com/store/catalog/product.jsp?catalog_number=97000-586
https://www.scientificlabs.co.uk/handlers/libraryFiles.ashx?filename=White_Paper_3_3842_A.pdf
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Recipes

SC-Ura media:
YNB w/o ammonium sulfate, w/o amino acids 1.7¢g
Ammonium sulfate 5.0g
SC-Ura dropout mix 20¢g

Combine ingredients above in a total volume of 500 ml diH20.

Dextrose 20g
Bring dextrose to 500 ml volume with diH20.

Autoclave YNB/AS/AA and dextrose separately, then combine to make 1L media.

YPD media:

Weigh 50g powder and bring up to 1000 ml with diH20. Autoclave.

YPD plates:

Weigh 50g powder and bring up to 500 ml with diH20.
Weigh 20g agar and bring up to 500 ml with diH20.
Autoclave the two bottles separately, then combine and pour plates.



