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Discussion Points

* Instrumentation » Calibration Material
— Well to well /tube to tube — Characterization
— Similarity to samples
o Pipetting — Range of dilution
— Accuracy
— Precision » Trouble shooting
— Poor calibration
» qPCR assay target * Dye
— Single copy * Optical
— Multiple copies * Background

— Range of linearity
« Take home lessons
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DNA Quantification Method
Wish List

e Accurate A nanogram is a nanogram
* Precise Reproducible

» Sensitive Appropriate dynamic range

* Robust Results from different sample
types are comparable

» Transferable Analyst to Analyst - Lab to Lab

Interlaboratory Comparison of
gPCR Methods

c Comparing results from
i) PCR 8 different samples using
2 RT 10 different methods
3 X
a 60 data sets
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Concordance

‘ 0 = Quantifiler 1 = AluRT-PCR 5=BRCAl 6 =CFS-HUMRT

Kline, et al. (2005) J. Forensic Sci. 50(3):571-578

Instrument Within Run
Reproducibility
Ideally we want to be able to “trust” that no
matter where in a qPCR instrument block

a sample is located you will get the same
answer

So calibrate the instrument
» Then perform the ultimate test
» A whole plate with the same sample

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 qPCRworkshop.htm 2
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Experimental Design

Create a master-mix of gPCR reagents and template
Distribute across the entire plate.
Run the assay, determine Ct for each well.
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Adding the
template to the
master-mix
reduces pipetting
errors.

[DNA] 2.5 ng/uL
gPCR kit - Qfiler
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Plate test results

1 2 3 4 5 6 7 8 9 10 " 12 avg sd
A 28.38 2849 2847 2844 2848 2861 28.60 2852 28.58 28.56 28.53[ 28.12] [28.48 0.13
B 2846 2854 2855 2859 2877 29.14 29.15 29.04 28.61 2858 28.54 2833 |28.69 0.27|
C 2856 2885 2879 29.11 29 29.45 2943 293 28.88 28.74 2861 2849 |[28.93 0.33
D 29.12 2926 29.34 29.49 29.67 29.71 29.58 29.12 28.86 28.65 28.37 |29.25 0.46|
E 2882 29.23 2923 29.37 2939 29.75 29.67 29.12 2891 2865 2865 2866 |29.12 0.39
F 2845 288 29.01 29.07 2878 29.08 29.44 28.74 2868 2858 2855 2839 |28.80 0.31
G 2851 2859 2858 28.64 2866 28.95 2877 2868 286 286 2856 2853 28.64 0.12
H 2837 2843 284 2853 2848 2856 28.58 2866 2845 285 2849 2855 |2850 0.08

avg 28.58] 28.77] 28.80] 28.91] 28.90] 29.18] 29.17] 28.96] 28.73] 28.63[ 28.57] 28.43] 28.80 0.38
sd[_026] 032] 0.36] 041] 043 049 047] 037] 022] 0.12] 0.06] 0.7

The grand mean of the plate is 28.8 Cts with sd of 0.38

But look at the trends going on by column and by row.
Minimum = 28.12 Cts Maximum = 29.88 Cts
That's a maximum difference of 1.76 Cts !

If we plot these results in a 3D plot >>>

Plate test plot

This is the result of the wrong lamp being installed in the
instrument. Instrument calibration could not compensate.

30.00
29.50 ‘k AN 029.50-30.00
P 0 29.00-29.50
Ct 29.00 W 28.50-29.00
@ 28.00-28.50

row - O
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Correct lamp installed results

1 2 3 4 5 8 7 8 9 10 1 12
2868 28.43 28.46 2851 28.67 28.01 28.77 28.84 28.67 28.68 28.70 28.70| 28.67 0.14
28.36 28.30 28.32 28.40 2845 28.57 28.55 28.56 28.43 28.40 28.49 28.61| 28.45 0.10
28.38 28.31 28.27 28.40 28.34 28.44 2841 2842 2839 28.37 28.33 28.47| 28.38 0.06
28.31[28.18] 28.26 28.30 28.30 2845 28.34 2834 2829 28.28 28.36 28.51| 28.33 0.09
2825 2822 28.24 2829 28.32 28.53 2842 28.35 28.33 28.36 28.30 28.68 28.36 0.13
2831 28.22 28.25 28.33 28.36 28.44 2847 28.46[29.06] 28.29 28.33 28.48| 28.42 0.22
28.36 28.28 28.39 28.32 2849 28.50 2852 28.44 28.38 28.33 28.48 28.63| 28.43 0.10
2863 28.36 28.40 28.48 28.64 28.67 28.65 28.50 28.59 28.57 28.60 20.03| 28.60 0.17

lavg| 28.41 28.29 28.32 28.38 28.45 28.56 28.52 28.50 28.52 28.41 28.45 28.64| |28.45 0.17)
sd|0.157 0.08 0.08 0.08 0.14 0.16 0.14 0.16 025 0.14 0.14 0.18

IGTMMOO®>

The grand mean of the plate is 28.45 Cts with sd of 0.17
Minimum = 28.18 Cts Maximum = 29.06 Cts
That's a difference maximum difference of 0.88 Cts !

If we plot these results in a 3D plot >>>

New Lamp Plot
This is more like it! | This was
artifact related
The real
max — min
difference is
0.59 Cts

0 29.50-30.00
0 29.00-29.50
m 28.50-29.00
@ 28.00-28.50

column

Pipetting Issues

* You are using small volumes of the DNAs
— 2 yL to 5 pL normally

* Pipetting technique and pipettes must be
at the highest level of reproducibility.

— Check the tips for small amounts of sample
remaining, every time!
— Do not be in a hurry when you are pipetting

 Test the pipettes & analysts out! >>>

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 qPCRworkshop.htm 4
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Electronic Pipette  E0000798E 2 uL Grand
Reagent Lot Code 55091 Mean sD cv ..
Vial1 Vol Vial2 Vol Vial3 Vol 196  0.04 Precision
1 1.94 1 1.96 1 1.97
2 1.95 2 1.98 2 196
3 1.92 3 2.00 3 192
s 196 4 195 4 195 These r§su|_ts are from an
5 191 5 1.96 5 194 electronic pipette. Good
6 1.93 6 1.96 6 196 i
7 1e 7 des 7 195 analysts can achieve the
8 200 8 201 8 195 same results, or better,
9 2.00 9 1.95 9 196 i i ;
0 19 0 1% 0 193 with manual pipetting.
1195 1M1 195 1M197 Use of repli f each
12199 12 194 12 196 se of replicates of eacl
13 1.94 13 194 13 197 sample per gPCR run is
14 192 14 1.94 14 1.97 t ti heck of
15 196 15 194 15 197 an automatic check oi
16 1.93 16 1.99 16 1.99 pipetting reproducibility,
17 194 17 2.02 17 1.95 B
18 198 18 1.93 18 1.93 unless the sample Is
19 1.97 19 197 19 188 stochastically challenged.
20 1.94 20 193 20 196
21 1.95 21 1.95 21 197
22 220 22 1.93 22 1.96
Difference from)
Avg 1.96 1.96 1.95 Set point
sd 008 00z ooz |_as' % | +—|Accuracy

Consumable Plasticware

White 96 well plate

Clear/natural
Instrument
manufacturer’s plate

Generic Clear/natural
96 well plate

Optically Flat lids

Clear plate seal

White versus Clear/Natural

Theory is white
i & plates/tubes stop the
fluorescent signal from
passing through the plastic
well and being reflected off
the Peltier block.

Variations in the data
between replicates may be
due to the
reflection/refraction of the
white tube clear tube signal, rather than true
differences.

M. Yanek, Am Biotech Lab (Oct 2007); Vol. 2, No. 10
www.americanbiotechnologylaboratory.com
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Plasticware Variability

+ White plate was 17% less variable than
the clear plate when using a 7900. (based
on the difference between the minimum
and maximum Cts across a 96 well plate)

» There was no apparent difference in
plate type used in the 7500.

« The Flat lids gave no apparent difference
from the clear film.

Does Variability (Consistency) of a
Standard Matter?

Theoretical Stds Accuracy
20.5

207 4 Standard curves generated
19.5 1 ‘§ based on the nominal and
19 1 +0.3 C; (factor of 1.5)
3# 18.51
[}
©° 184
>
O 1754
17 A
16.5
16| e
] Tt
15.5 T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22
Defined [DNA]

Developing a Calibrant

* Some sources of genomic DNA
— Single source
— Multiple source
— Cell line
* How is the concentration of the Calibrant
determined?
— UV, fluorescence, phosphorus, others
» Since qPCR is relative to the DNA calibrant used,
different calibrants may give different results
— Are these within error?
— Can this be controlled?
— |s the error acceptable for our purpose?

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 qPCRworkshop.htm 6
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Things to Consider with Calibrants

» Will the calibrant have inherent
characteristics that may bias results?

If probing a multi copy locus (Alu) will
different calibrants have significantly
different numbers of copies (cell line vs
single source)?

qPCR Method Evaluation Protocol

« 6 different calibrants:
— 3 commercial (2 cell lines, one multiple source)
— 3 purified at NIST (single source; one female, two males)
* Where possible, [DNA] was assigned from UV
absorption at 260 nm; otherwise used
manufacturer’s values.
» Stocks of the candidates were diluted to:
-10.0, 4.0, 1.6, 0.64, 0.26, 0.1, and 0.04 ng/uL daily.
« Each candidate sample was run in duplicate on
duplicate plates with each of the 5 gPCR methods.

Samples run on ABI 7500

gqPCR Results with S1 as calibrant
_— . = T
-

|7 ===—"""An example of the initial data review =

—_— - -
. . - - |- == - -
O —— - =

Samples run at each concentration

~ S were plotted as a function of T
2 - Method e
3 i =

O smm— Calibrant "=

.m====/—-=__ Slope and Y-intercept e it
ODvs Gy B

oy | i —— - ="= T

Methods 1 through 5
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Comparison of Methods
Using C1 as the Calibrant

4 ng/uL
S 7 7 7
Zel A=1.2ngipL ©1| o C2| o] ope c3
S 5 s i CEs
€ 4|9 ey gy CESCADO) 4 4 5
8 3 31 afer Qfir Y S cano] 2 Aty i
g 2 2 u 2
O 1 1
< 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Z 7 7 rafer
o, C4 afffer G5 cEs 6
D slar s cks B ——
'Ei . CFs . Qffipr Y . oo
=) A capo} 3 Al capo) Au
Wi 1 1

T2 3 4 s T2 3 4 s T2 3 4 s

Method
C1 and C2 are cell line DNAs; C3-C6 are single/multiple source DNAs

Comparison of Methods
using C3 as the Calibrant

4 ng/uL
c 7 7 7
o c1 c2 C3
" ° °1 A=0.9 ng/uL
5 A 5 5
= Fo.
Ca r 4 4 {fter afier Y CES capo.
D@ 4 Iffer aftsr v 3 CADO) 3 A
31 Qffler
8 Qilfr Y A{u CES
o 2 21 Qfiter 2
o1 1 1
12 3 4 s T2 3 4 s T2 3 4 s
<
Z 7 7
o, C4| C5| | C6
o
e ; 5 e L
@ “1og A r “[O%TatierY gy cabo) * Ay
1=K} cADOJ 3 T 3
22 2 2
LW 1 1
1 2 3 4 5 1 5 1 2 3 4 5

2 3 4
Method
C1 and C2 are cell line DNAs; C3-C6 are single/multiple source DNAs

Six Calibrants quantified using Quantifiler
(Calibrant Curve was generated with C3)

-
=
2 | Nominal DNA concentration = 4 ng/uL
6l
S
[0
-E 1% E
Q
44 = L}
§ 41 a=05mgu [=] . 130
2 [ 14%
z 25%
a2
g 53% Relative differences exist
g between the 6 calibrants
50 . . . . . |
w 1 2 3 4 5 6

Calibrant
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Evaluation of Standard
Reference Materials

*Interlaboratory comparison
*Three different materials distributed
(A, B, and C).
*32 laboratories participated

*One material was assigned a [DNA].
*a pre-determined dilution scheme to
assign values to the other samples
(generally 8 dilutions).

Interlaboratory Data

The pairs of measurement
# ratios, {A/C, B/C} are

denote for each
participant.

s x
o, t‘gﬁ The error crosses for each

symbol span each set of
results with approximately
95% confidence.

e The central rectangle
(black lines) represents an
alc approximate 95%

Ideally all points should be in the center. | prediction region about the
Systematic bias falls along the diagonal. reported results

Results from previous
Interlaboratory Study

+ Given the same materials to analyze

» Using the same material for calibration

» Within Method results cluster

» Most methods were within 1.5-fold region about
the center of the reported results.

» Could still see some method dependent results.

— How can these be explained?
* Method dependent dynamic range was not appropriate?
* Pipetting?

How “good” can within laboratory results be?

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 qPCRworkshop.htm 9
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245 SRM 2372 dilutions

L]
Homogeneity Testing of SRM 2372
Finding out how good qPCR results can be.
Plate 1 set up
1 2 3 4 5 6 7 8 9 10 1" 12
AA1p Alp C.1p A box 1 Abox 1 B_box 1 B_box 1 C.box 1 C_box 1 A_box 5 C_box 5 A 1p|
BA2p A2 C_2p A_box_17 A_box_17 B_box_17 B_box_17 C_box_17 C_box_17 A_box_13 C_box_13 A_2p
CA3p A3p C3p Abox2 Abox2 Bbox2 B_box2 Cbox2 Cbox?2 Abox5 C_box5 A 3p|
D A_4p A 4p C_4p A_box_16 A_box_16 B_box_16 B_box_16 C_box_16 C_box_16 A_box_13 C_box_13 A_dp|
EB_1p B_1ip C_1p A box 3 A_box 3 B_box 3 B_box 3 C_box 3 C_box 3 B_box 5 C_1p B_1p|
FB 20 B2p C 2p A box 15 A_box_15 B_box_15 B_box_15 C_box_15 C_box_15 B_box_13 C 2p B _2p
GB3p B3 C3p Abox4 Abox4 Bbox4 Bbox4 Cbox4 Cbox4 Bbox5 C3p B 3p
HB_4p B 4p C_4p A_box_14 A_box_14 B_box_14 B_box_14 C_box_14 C_box_14 B_box_13 C 4p B_dp|
Plate 2 set up
1 2 3 4 5 6 7 8 9 10 1" 12
A A1p A 1p C_1p A box 6 A_box 6 B box 6 B_box 6 C_box 6 C_box 6 A_1p A_1p C_1p
B A2 A2 C_2p A box_12 A box_12 B_box_12 B_box_12 C_box_12 C_box_12 A_2p A 2p C_2p
C A3p A3p C3p Abox_7 Abox7 B_box_7 B_box 7 C_box_7 C_box 7 A3p A3p C.3p
D Adp A4p C_4p A_box_11 A_box_11 B_box_11 B_box_11 C_box_11 C_box_11 A_4p A 4p C_4p
E B1p B_1p C_1p A_box 8 A box 8 B_box 8 B_box 8 C_box 8 C_box 8 B_1p B_1p C_1p
F B2 B 2p C_2p A_box 10 A_box_10 B_box_10 B_box_10 C_box_10 C_box_10 B_2p B 2p C_2p
G B3 B3p C3p Abox 9 Abox 9 B_box 9 B_box 9 C_box 9 Cbox 9 B3p B3p C_3p
H B4p B 4p C_4p Blanl Blank lank lank Blank Blank B_4p B_4p C_4p
¥l Reproducibilt
265 . .
e y=-1.34 Ln(x)+29.125 Quantifiler Human Kit was
.

R?=0.996 used in conjunction with a

7900 instrument.
Results from two runs were

combined to produce the

following results.

n=34 Ct sd | %
A_boxes |26.95 [0.09 |0.3

10 wd | B_boxes |27.02 |0.10 | 0.4

[DNA]

Everything is under control! C_boxes |26.90 |0.10 | 0.4

1:10 dilutions of these materials were made prior to analysis

N

IOTMMOO®>
)>‘)>)>)>)>)>)>)>
XN ODWN =

Assigning [DNA] to in-house

calibration materials

3 4 5 6 7 8 9 10 11 12
B_1 C_1SP_1A SP_1A SP_1C SP_1C A_1 B_1 C_1 Blank
B_2 C_2SP 2A SP_2A SP_2C SP.2C A 2 B2 C_2
B_3 C_3 SP_3A SP_3A SP_3C SP_3C A 3 B_3 C_3
B4 C_4 SP_4A SP_4A SP_4C SP_4C A 4 B_4 C 4
B_5 C_5SP_1B SP_1B SP_1D SP_1D A 5 B_5 C_5
B_6 C_6SP_2B SP_2B SP_2D SP. 2D A 6 B_6 C_6
B_7 C_7SP_3B SP_3B SP_3D SP. 3D A 7 B_7 C_7
B_8 C_8SP_4B SP_4B SP_4D SP 4D A 8 B_8 C_8

In-house materials designated SP_A, B, C, & D
4 dilutions of each in-house material were made and analyzed in duplicate

Three different standard materials were used to produce calibration curves
eight dilutions of each applied in duplicate

Results from three different gPCR methods are shown

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 gPCRworkshop.htm
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Error Bars 95% = With gPCR, 100%
confidence intervals a0 2 reaction efficiency results
_— 2 £ inadoubling of the DNA
31 g .
ABC w3 target each cycle. Using
3 < log, the “perfect” fit
3 2 s s@  se s a regression slope would
% Value assignment be -1.0 Ct per log,.
4 of
£ —4— Component A iod “Std”
Z 7] 4 Component 5 supplied “Std Slope RZ
g —— Component C
-0.952 | 0.999
% [DNA] = 26t-0) /e
5203980031, B -0.988 | 0.999
52-206%8.20033, my
02=20529 £0033 e
% -0.986 | 0.999
025 05 1 2 4 8 16 32
[DNAJ, ng/uL
g Error Bars 95%
s confidence intervals
ABC 20 5
17 =2
) g
o 15 S Sz Ste3  Sta4
2 Value i
3 of manufacturer Slope R2
= —+— Component A supplied “Std” p
o 131 —%— Component B
& —4— Component C A | -1.086 | 0.980
" [DNA] = 2(Ct-2)/m -1048 0991
. C | -1.038 | 0.989
025 05 1 2 4 8 16 32
[DNA], ng/uL
g Error Bars 95%
300 ; confidence intervals
% xBC w0 &
100 g
g g
S 30 Std1  Sd2  Sd3  Std4
% Value assignment Slope R2
4 of manufacturer
,‘E —4— Component A supplied “Std”
2 @] —+— Componon @ A | -1.030 |0.994
g- —4— Component C
" -0.995 |0.994
[DNA] = 26t-b) i me e
o, 9040032, 6, 0234, R,
23048120.08 me- 0374 0087 -0, C | -0.974 |0.992
2
025 05 1 2 4 8 16 32
[DNA], ng/uL

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 gPCRworkshop.htm
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Degraded DNA Issue

* What is the difference in the gPCR results of
“good” quality DNA verses “degraded” DNA?
* The Experiment:
— Aliquot Control DNA into several different tubes
— Hold one tube as a control.

— Sonicate the remaining tubes for various lengths of
time.

— Quantify the samples and amplify based on quant
values (Quantifiler — 62bp target).

— Check the results!

Gel image of degraded DNA

Control DNA was pipetted
into several tubes. The
tubes were sonicated until
various levels of
degradation was observed

Control DNA

Intermediate
Degradation

Degraded DNA

40 ng of DNA used for visualization,
based on original [DNA].

“1 ng” Control / intermediate
degraded DNA |

Control

J ‘}1 .__””., .“‘,"\, T

|

I All alleles present, lower Pk Hts .
Intermediate

_LLL JLLMLJLL _____ Y T

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 gPCRworkshop.htm 12
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Typing “1 ng” degraded DNA

i H.U hl T

Much lower Pk Hts and loss of alleles

I

Higher injection of Degraded DNA
Amplified 1 ng based on gPCR results.
Really 2 ng amplified.

AL 1“ lm ﬂ:“l

NEXRARAARAR

Locus # lost lost True
alleles allele Genotype
D21S11 1 33.2 (31.2,33.2)
CSF1PO 1 11 (11,12)
D2S1338 1 25 (19,25)
D18S51 2 14,16 (14,16)
Troubleshooting

* Replicates are inconsistent
— Evaporation of wells?
— Do you have different volumes in the wells?
— Volumes should all be the same
— Review wells post-run
» Very noisy curves (observed at all [DNA])
» Spikes in the signal
— Lamp going bad
— Optics misaligned

— Some technical issues (mechanical, electronics)

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 gPCRworkshop.htm 13
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Troubleshooting

* The manual for any Real Time PCR
instrument should probably have a section
on troubleshooting

» Commercial assays typically come with a
manual and literature containing
details/troubleshooting tips

* For an assay taken from the literature you
may want to contact the authors or other
labs that are running that gPCR method

Troubleshooting

* R2<0.99

» The low (or high) concentration point(s) of
the dilution series can sometimes be
removed to improve the R? value

* If your unknowns fall in this low range you
may want to repeat the experiment

Troubleshooting

Sttt o

Remove both points

Detector: quantlfl\ar Human =

Slope: -2.958372

Intercept: 27.631851

- R2: 0.0962278

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 gPCRworkshop.htm 14
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Troubleshooting

e o

Detector: | Quantifiler Human =

Slope: -3.337396

» 1 - t Intercept: 27.713209
.

Rz 0333029

» 1 1 1 R? improves

Leg (0

Troubleshooting

« If a point(s) in the standard curve “looks
off”

« Make sure the correct concentrations are
put into the plate view
— Example (6.4 ng vs 0.64 ng)

Troubleshooting

Sted o

| put 6.4 ng instead 0.64 ng
in the Well Inspector

S

» + I
8 .
- Detector IQuant\Mer Human = i | I

Slope: -2.947917 s

Intercept: 27 373934

RZ 0.882600

Legta.

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008 gPCRworkshop.htm 15
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+ Make sure that the proper dye/detector is

selected for the appropriate target

* When running multiple Calibrant curves on
the same plate these will have to be

analyzed separately

Take Home Lessons

» Check gPCR instrument calibration

» Check pipette and analyst reproducibility
* Know the limits of your gPCR assay

» Make sure you have a reliable Calibrant

Degraded DNA does not perform like
intact DNA in some qPCR assays

Double check your analysis parameters
before and after gPCR runs.

Thank you for your Attention!! %
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