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DNA and RNA

DNA and RNA are polymers composed of four subunits.

The four subunits in DNA are the nucleotides guanine,
adenine, thymine, and cytosine (G, A, T, C) on a sugar
(deoxyribose)/phosphate backbone.

Pairs of nucleotides bind well to each other by hydrogen
bonds, with GC forming one pair and AT the other.

A and G are purines, C and T are pyrimidines. Uracil (U) is
a pyrimidine that takes the place of thymine in RNA

For a given strand of DNA the complementary strand

(cDNA) has the matching nucleotides, so
GGTCACTG matches
CCAGTGAC
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Transcription

DNA can be transcribed to RNA (which has a different
sugar on the backbone) using RNA polymerase

RNA can be reverse-transcribed to DNA to allow DNA
assays to be used on RNA

DNA transcription in eukaryotes involves editing such
as removal of introns.

Reverse transcription is used in the lab for example for
applying PCR to RNA.
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PCR for Measurement

PCR is a method of measuring the copy number of a
particular DNA sequence in a sample.

It uses an enzyme (DNA polymerase) that copies one
strand of DNA to its complement, and this is done
with both strands, so the total copy number is
approximately doubled.

Primers bind to a specific sequence, so only DNA with
that sequence is amplified.

A cycle of temperature changes should result in
approximately doubling the copy number.

The read-out is obtained by a fluorescent dye
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In 20 cycles, the amount of the analyte should be
increased by a factor of 22° = 1 million.

In 40 cycles, the increase is about 24° = 1 trillion.

[f we perform a fixed number of cycles, then the range
of measurement is rather narrow, between the number
of molecules that barely crosses the threshold, to one
that maxes out the assay.

Quantitative PCR = Real-Time PCR establishes a
threshold of brightness, and the cycle at which it
passes that threshold is the measurement. This is
usually interpolated between the last cycle dimmer
than the threshold and the first cycle brighter than the
threshold.
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gRT-PCR

Reverse Transcription (RT) PCR quantifies RNA by
using a reverse transcriptase to create the equivalent
DNA sequences.

RT-PCR should not be used to mean “Real-Time” PCR
because it can be confused with “Reverse
Transcription” PCR.

qRT-PCR uses the cycle threshold method after reverse
transcription
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‘Sensitivity of PCR

Very specific and very sensitive.

A mere 25 copies of a transcript will be amplified to
detection in gqRT-PCR.

Suppose we need 70 ng of RNA per run, and suppose we
have a sample of RNA with an average copy number of 50
copies per 70 ng.

The actual copy number is Poisson with a mean of 50, and
(therefore) a standard deviation of V50 = 7.07. Almost all
70 ng aliquots will have a copy number of 50 + (3)(7.07) =

50 + 21 or between 29 and 71 copies, and thus will be
detected.

So the detection limit is about 25 copies and the minimum
detectable value is about 50 copies.
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| Quantitative PCR

We can get relative quantitation because the
fluorescence is proportional to the quantity present at
the end of the cycle.

The copy number present at the end of cycle k is
roughly 2 times the copy number at the start.

To obtain absolute copy number estimates, when those
are needed, we can make a calibration curve or use
standards along with each sample.
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initial copy number

= Z, = copy number at the end of cycle k
S copies from i" copy in cycle k—1 (1, 2,...)

EX,)=m=1+p

V(iX,)=p(d-p)

Zk—l

Z, = ZXik
i=l1
EC. =
Var(Z,)=z.(1- p)m* " (m" =1) = z; (1— p)m**" for k large
SD(Z,) = zym* "2 \1- p

CV(Z)=m"*l-p = /1+ :

_—mm-

0.071 0.160 0.229
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Interpreting qRT-PCR

A threshold level is set that is enough above
background that it would not happen by chance

The response Ct is the cycle at which the signal
exceeds the threshold

We usually interpolate. If the threshold is 100, and the
signal at cycle 20 is 88, and the signal at cycle 21 is 169,
then we could interpolate linearly, but interpolation

on the log scale is better, because the signal rises
exponentially.
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~ Threshold = 100

S, =88
S, =169
C. =20+(100-88) /(169 —88)=20.15

In(S,,) = In(88) = 4.417

In(S,,) = In(169) = 5.130

In(100) = 4.605
C, =20+ (4.605—-4.417)/(5.130—4.417) = 20.20
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The higher the Ct value, the lower the original copy
number

Ct is on the log scale so this is often a good scale for
ANOVA and regression

If there is a control in each tube or well, we can then
analyze Ct(sample) - Ct(control)

If we need to know the actual copy number (as for
HIV), we need a calibration curve, which may be run
on a periodic basis.
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Example

Eight HIV patients are assayed, four with a new
treatment and four controls with current standard of
care.

The Ct values for the treated patients are 32.03, 35.89,
33.57, and 33.51

The Ct values for the control patients are 30.14, 31.72,
28.88, and 30.38.

Lower Ct values mean higher copy number in the
original sample, which is more copies of the virus.
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ELISA

Enzyme-linked immuno sorbent assay (ELISA) is a test
that uses antibodies and color change to identify a
substance.

Requires an antibody to the analyte

Depending on the assay type, binding results either in
increased color or decreased color.

Readout is through optical density/brightness at a
particular frequency
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ELISAs are often run on g6-well plates. Calibration
values in some of the wells so that the parameters of
the 4-parameter log-logistic curve can be estimated.

OD values above A are interpreted as an estimated
concentration of 0. OD values below D are out of

bounds high.

In some forms of ELISA, the OD is low for low
concentrations and high for higher ones.

The assay is generally good in a region around the
center, not so good at the ends
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[f the concentration is too low, then the assay will not
yield useful results.

If the concentration is too high, then a dilution of the
sample can fall into the accurate range.

Often, a dilution series is run. This way; if the original
concentration is too high, dilutions at a factor of 10 or
100 will fall into the accurate range.
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Luminex Assays

Multiplexed bead-based ELISA-type assay.

Several antibody bead types in each cell, labeled with
different dyes that fluoresce at different frequencies.

By default, calibration standards are included for all
the analytes in separate cells.

Calibrated values can be hard to analyze because
values below and above the “good” range are reported
just as High or Low, and those cannot be used in an
analysis.

[ usually use the raw values
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Example Panel (Millipore)

42 Cytokine/Chemokine assays

EGF, Eotaxin, FGF-2, Flt-3 ligand, Fractalkine, G-CSF,
GM-CSF, GRO, IFN-o2, IFN-y, IL-10, IL-12 (p40), IL-12
(p70), IL-13, IL-15, IL-17, IL-1R«, [L-10, IL-1B, IL-2, IL-3,
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IP-10, MCP-1, MCP-3,
MDC (CCL22), MIP-1a, MIP-18, PDGF-AA, PDGF-
AB/BB, RANTES, TGF-a, TNF-a, TNF-3, VEGF,
sCD4oL, sIL-2R«x
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Location Sample 1 IL-1b 10 IL-5 11 EGF 12 IL-6 13 IL-7 =

Al blank 35.5 68 65 309 80 -

Bl 12 32 12.5 160 43

Cl 3.2pg/ml 146 219.5 55.5 347 135 Cillitihaog
Dl 146 205.5 45 319 115 well plate are
El 16pg/ml 646 744.5 83 624 271 indexed by
F1 564 782.5 63.5 625 236 Rows A-H
Gl 80pg/ml 2932 2850.5 274 1870 954 Cols 1-12
HI 2597 2680.5 285 1550 782.5

A2 400pg/ml 10578 9537 2089.5 7173 5728.5

B2 11399.5 8763 2487 8042 6685

C2 2000pg/ml 18343 22325 10573 21016 22340

D2 18146 22309.5 11662 21066 22446

E2 10 000pg/ml 18196.5 21775 14582.5 21159 25093

F2 18820 22690.5 16094 22608 25194

G2 QCl1 2865 3660.5 408 2022.5 1113

H2 2448 3468.5 393 1843 989

A3 QC2 12462.5 13819 3396 12246 9638

B3 12803 15047.5 4122.5 12770 10391.5

C3 1 76 35.5 404 91 84

D3 68 33 393 81 76

E3 2 30 509 7914 1199 61.5

F3 32 587 8215 1417 70

G3 3 44.5 40 7536 137 61

H3 39.5 36 7328 154.5 74
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Analysis of Luminex Data

Use raw fluorescence data

Take logs (after perhaps adding something to each
value)

In the illustrated data, the numbers are as small as 3,
and as large as 25,000. One might add 20-50 before
taking logs

This provides relative quantitation, which is all that is
required.

Calibrated values would be used only when the
absolute levels are useful

January 30, 2024 BIM 283 Experimental Design for BME
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RNA-Seq

Gene expression is the transcription of the DNA in a
gene into mRNA, which (in many cases) is later
translated into a protein.

We can measure expression of a single gene with PCR
or other assays.

Gene expression arrays measure expression of many
genes simultaneously using spots each of which
contains a matching sequence to the gene sequence to
be detected.

RNA-Seq is more comprehensive (and expensive!)

January 30, 2024 BIM 283 Experimental Design for BME
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RNA-Seq

For RNA-Seq, the RNA in the sample is reverse
transcribed into the corresponding DNA sequence.

Then the DNA fragments are sequenced (in an NGS
sequencer, usually [llumina )

Each fragment is mapped to the reference genome

The data to be analyzed are the number of fragments
mapping to each gene in a table where the columns are
samples and the rows are genes.
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RNA-Seq

This mapping can be complex

We can choose to estimate isoforms or not (alternative
splicing leading to different proteins)

We can choose how to handle ambiguous reads (omit
or spread across genes)

We can then use statistical analysis to determine when
there is significantly more expression in one condition
or another.

January 30, 2024 BIM 283 Experimental Design for BME
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/ Analysis of RNA-Seq Data

For each gene/exon/isoform (we will say gene from
now on), and for each sample, we have a count of
fragments mapping to that gene.

In principle, we need to test whether the counts from
one group are significantly larger than another.

Or we may have more than one factor or variable that
could be associated.

In practice, we may (probably) need to normalize the
samples first and may need to import some
information across genes.
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