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What are we looking for?

Ref: Alberts, B. et al. (1998) Essential Cell Biology: An Introduction to 
the Molecular Biology of the Cell. Garland, New York.

Ref: FIGURE 5: Transcription factory model
From the following article:

Lyubomira Chakalova, Emmanuel Debrand, Jennifer A. Mitchell, 
Cameron S. Osborne & Peter Fraser (2005)Replication and 
transcription: Shaping the landscape of the genome. Nature 
Reviews Genetics 6, 669-677.



Why the Kibra gene?

Human Chromosome no. 5: 5q34-q35.2 Total Region: 167,769,199 - 167,801,644 (32.4 
kb)

1,113 amino acid long protein, molecular mass; 125 kD

Precisely localize cis-regulatory sequences and other functional modalities encoded by 
DNase-I Hypersensitive sites (traditionally localized using Southern blot)

To identify functional, non-coding elements that regulate transcription so as to 
understand disease processes associated with the Kibra.

It is expressed in breast cancer cells in relation to it’s interaction with the Dynein Light 
Chain 1(DLC1) protein leading to growth stimulation in the same.

It is also found to be expressed in its truncated form, where it’s missing the first 223 
amino acids in memory retrieval related brain structures such as the hippocampus and 
temporal lobes, and functional magnetic resonance imaging (fMRI) studies show a 
significant role of Kibra in memory performance.



Detection of DNase-I hypersensitive sites

Ref: Dorschner et. al. 2004



Components of the system
Primers: contiguous or minimally 
overlapping ~ 250 bp, target amplimer
size 250 bp, primer Tm (60°C ± 2°C), 
length 18-23, designed using program 
Primer3

Quantitative PCR: Ct values and 
Efficiencies

(10-80 U/ml) DNase –I treated and 
untreated 30 primers spanning the 
region of interest (chr5:167,769,118-
167,801,709) within the Kibra gene 
(eight replicates each).

(10-80 U/ml) DNase – I treated and 
untreated RHO primer (eight replicates 
each) 

Standard Curve for RHO primer with 
input amounts of DNA: 300 ng, 30 ng, 
3 ng, 0.3 ng, 30 pg, 3 pg

Amplification Plot as seen in ABI Prism 7900 SDS software

IMR-90 is a normal lung fibroblast, U-87 MG 
(Glioblastoma, brain): low expresser of Kibra

T-47D (breast cancer) ,MDA-MB-436 (breast tissue): 
high expressers of Kibra.  



Primary Data Analysis

Normalized fluorescence data are obtained

An amplification curve and nth-order polynomial fit were computed for each reaction.

The Ct values were then determined for each curve.

Melting curve analysis will be done for each amplicon to discard those yielding multiple 
products.

The amplification efficiency of a reference amplicon selected from the inactive and DNase-
insensitive RHO (Rhodopsin) locus (3q21-q24) was determined empirically for every reaction 
plate using a standard dilution series of DNA. This is an internal quality control for every plate.

Derive the efficiency of each test amplicon from the amplification curve using LinRegPCR
software.



Quality Control for the Primers

Quality Control for Primer rows A-D Dissociation Curve as seen in ABI Prism 7900 SDS software

In the above picture all the PCR amplicons were selected in the software interface which 
is why multiple melting point curves are seen. Upon selecting individual PCR amplicons
we can clearly see that each amplicon produces only a single product thereby adding 
information to the already existing gel electrophoresis image quality control data, stating 
the same.



A Typical Q-PCR Reaction…

Perform a Standard Curve Experiment 
to validate that the efficiency of the test 
primer and the internal reference gene 
primer are the same.

This is a graph of Ct values vs. Log 
input amount at different 
concentrations of input RNA/DNA.

PCR Efficiency is the rate at which a 
PCR amplicon is generated, commonly 
expressed as a percentage value.

If a particular PCR amplicon doubles 
in quantity during the geometric phase 
of it’s PCR amplification then the PCR 
assay is said to have 100% efficiency.

Ref: User Bulletin 2: ABI PRISM 7700 SDS (1997)

Determine the efficiency of this amplicon using 
the equation 

E=10-1/slope (i.e. 10-1/-3.32 = 2)

A Standard Curve Slope of -3.32 indicates 
reactions with 100% efficiency



LinRegPCR – Ruijter et al – Assumption 
free analysis of Q-PCR

Assumption: E=2 for target 
and reference.

In practice, most efficiencies 
vary from 1.8 – 2.0 which 
shows up as a 10-fold 
difference.

Amplification 
Efficiency Correction 
criteria:

• The efficiency values 
must  be within the 
median range of 
efficiency values ± 0.05

• The range of R values 
is between 0.995 to 
0.999 and,

• The range of 



LinRegPCR…
The iterative algorithm 

selects at least 4 
and maximum 6 
data points with the 
highest R value and 
a slope close to the 
maximum slope.

Intercept = Log (No)

i.e. No = 10intercept

Slope = Log (E)

i.e. E = 10slope



Individual PCR Efficiencies obtained



The 2 – ΔΔCt method
ΔCt = (Ct target – Ct reference)

2 – ΔΔCt = 2 –[treated (target – reference) – untreated (target – reference)]

XN,q = XT =  X0 x (EX)CT,X = DNase-I treated target
RT      R0 x (ER)CT,R                 RHO treated

= Efficiency of primer A [(10-80) DNase I conc] Ct A (10-80)
Efficiency of RHO [(10-80) DNase I conc] Ct RHO (10-80)

= Normalized Target (Test)

XN,Cb = Untreated target
Untreated RHO

= Efficiency of primerA (0 DNase I conc) Ct A (0) 
Efficiency of RHO(0 DNase I conc) Ct RHO (0)

= Normalized Target (Calibrator)

And,  XN,q =  Normalized Target (Test) =     2 – ΔΔCt 
XN,Cb Normalized Target (Calibrator)



Data Analysis

Efficiency corrections were performed on all test amplicons with respect to the reference 
amplicon.

Efficiency corrected Ct values were then used to compute a relative copy number ratio 
by applying the formula 

Two primers A and B were generated across known DNase-I hypersensitive sites, which 
could be used as positive controls during the experiment.

The data currently available is for the high expresser cell line MDA-MB-436 (details of 
which are given in the Appendix). We tested primer A within this cell line so as arrive at 
a single specific concentration of DNase-I which would help detect a hypersensitive site.

If the same results show up on primer B, we could use this specific DNase-I 
concentration for detecting the Hypersensitive sites within the Kibra gene in different 
cell lines.



Preliminary Results
Statically corrected Ct values Vs DNase I conc
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Results for Primer A (known hypersensitive region within the MDA-MB-436 (breast 
cancer, high expresser) cell line.



Conclusion
Avg Ct Vs DNase I
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As can be seen from this 
graph above, there is a 
drop in the Ct values at 
DNase-I concentration of 
40 U/ml. We will continue 
to extract more data 
points at this sensitive 
concentration so as to 
verify this result and also 
test the 2nd positive 
control primer B (known 
hypersensitive region). 



Future Work - Recommendations

We could continue to use the quantitative PCR method to elucidate the complete DNase-
I hypersensitive sites within the Kibra gene, but doing so in multiple cell lines from 
different tissue samples, would be cumbersome.

This is the reason why, once we arrive at a specific DNase-I concentration to be used, 
that would help us isolate the hypersensitive sites within the Kibra, testing this in 
multiple cell lines would get easier using the microarray approach. In fact up to eight 
different cells lines may be tested on a single microarray slide with replicates. 

The ENCODE (Encyclopedia of DNA Elements) project would also lead to providing 
direction in the form of developing many more high throughput approaches for detecting 
locus control regions within the entire human genome, thereby leading to a better 
understanding of the regulatory mechanism of several genes involved in disease 
processes.
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