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Disclaimer

Points of view In this document are those of the authors
and do not necessarily represent the official position or
policies of the U.S. Department of Commerce. Certain
commercial equipment, instruments, and materials are
identified In order to specify experimental procedures as
completely as possible.

In no case does such identification Imply a
recommendation or endorsement by NIST, nor does it
imply that any of the materials, instruments, or equipment
identified are necessarily the best available for the
purpose.




What Is SRM 2372

Human DNA Quantitation Standard?

Genomic DNA prepared to be double-stranded DNA (dsDNA)

STANDARD REFERENCE MATERIAL®

2372

Human DNA
Quantitation Standard

Components A - C
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Component A: Single-source male
Component B: Multi-source female
Component C: Multi-source male/female mixture

All solubilized in TE* buffer (10mM Tris, 0.1 mM EDTA,
pH 8.0)

Certified for spectroscopic traceability in units of decadic
attenuance, D,, The D,, scale is a measure of
absorbance and is traceable to the unit 1.

We have re-certified the D, as single stranded DNA
(01/13)

The conventional conversion factor for aqueous DNA:
dsDNA 1.0 D,, at 260 nm = 50 ng/pL DNA
ssDNA 1.0 D,, at 260 nm = 37 ng/uL DNA



Planning for 2372a: Why?

STR amplification depends on Sales History

number of accessible, amplifiable Hurman DNA Quantaten Standard
targets (AAT), not "amount DNA” ,

ssSDNA in strong NaOH not
convenient sample for “nanodrop”
spectrometry
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dPCR Technology

- Limiting dilution assays
Samples divided into many partitions (droplets or chambers)

With suitably diluted samples, each partition contains either
zero, one, or a few PCR targets before amplification.

Results are categorized as Positive or Negative

Poisson statistics transform observed number of Positives to
number of PCR targets

. Two basic “flavors”

Droplet digital (ddPCR)
Chamber digital (cdPCR)



Droplet digital PCR

- In droplet digital PCR (ddPCR)

In Bio-Rad's dPCR workflow, reaction mixes are partitioned into s | RN
droplets (left). The PCR reaction takes place in each droplet (center).
If the target sequence is amplified, a reporter dye emits a fluorescent

signal, which is read (right).

Sample/mastermix is placed in a droplet generator
Individual droplets in an oil emulsion are formed
PCR amplification is performed (end point)
Droplets are read as being positive or negative

Up to 20,000 droplets
per 20 pL
sample/mastermix
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Chamber digital PCR

In chamber digital PCR (cdPCR)

Sample/mastermix is placed in a sample inlet

Sample inlets are pressurized to distribute mixture into
765 or 770 chambers depending on chip

PCR amplification is performed with real time data
collection of the fluorescent signal per cycle

Chambers are counted as positive or negative
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Applied Genetics Group’s Instruments

v

Chamber Digital - cdPCR

Fluidigm
BioMark

BIO-RAD
QX100/200




Why use dPCR as a certification

approach?

- dPCR estimates the number of accessible

amplifiable targets without an external calibrant
Direct Counting of targets

- STR profiles are generated based on the
accessible amplifiable targets

Use multiple dPCR assays

Establish reasonable estimates of uncertainty

- We do not expect different assays to yield the exact
same number because of variability of the genome

Use multiple dPCR platforms
Check for bias between platforms
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Red chambers: Positives
Gray chambers: Negatives

- What's a positive partition?

Positives are reaction

partitions where the
fluorescence intensity
exceeds the threshold

Neg:1013755
& GO& CO7 _ FO7 8 8 8

ddPCR
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after a set number of
amplification cycles



dPCR measures Counts/uL...

- What's a count?

- From Poisson statistics (i.e., 18t century voodoo)

Number Positives
Counts = —Iln| 1 —

Number Partitions



Converting Counts/pL to na/ulL
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Copies per
microliter of

diluted
material

-In

4 /total number\\

9 \of partitions )

1 positives

total number

volume of all

255 positive
chambers

/65 total
chambers

PCR reactions (microliters) /

l

o

Copies per
microliter of

diluted
material

Master
Mix

Original
Sample

XDilution™  Dilution

~

ng/uL —

305 dsDNA copies/ng

J

Dolezel et al. Cytometry Part A 51A:127-128 (2003); Human Genome NCBI Build 38: 3,203,286,105 bp




Converting Counts/pL to na/ulL

255 positive

/ 4 /total number\\ \ / [ 255 n
n |1 - positives n -
Copies per total number Copies per 765
microliter of \_ \_Of RTINS ) ) microliter of \_ L J 68
diluted __ diluted — — copies/pL
material = PCR revscltjiz)nnescgnailclzlroliters) / \ materia N /
l 1—10 dil into reaction
\ 1—25 dil of stock
Copies per " DNA
microliter of Master Orlglnal
diluted * Mix * Sample / D
material Dilution Dilution
68 % 10 % 25
ng/ul = . ng/uL —
\ 305 dsDNA copies/ng / 305 dsDNA copies/ng
g /

Dolezel et al. Cytometry Part A 51A:127-128 (2003); Human Genome NCBI Build 38: 3,203,286,105 bp



Converting Counts/pL to na/ulL

255 positive

/ 4 /total number\\ \ / [ 255 n
nl1- positives n -
Copies per total number Copies per 765
microliter of \_ \_Ofpartitions ) J microliter of - L 68
diluted __ dibitad = — copies/pL
material =

S pcr{ ©0.4 ng_/uL of original y
starting material |diinto reaction

/ | = \ —2Z5 dil of stock
coples per Master Original DNA

microliter of

diluted % Mix , ~ Sample 4 ~
material Dilution™  Dilution
68 * 10 *x 25
nokE = : ng/uL —
305 dsDNA copies/ng 305 JSDNA coies/ng

I\ AN y

Dolezel et al. Cytometry Part A 51A:127-128 (2003); Human Genome NCBI Build 38: 3,203,286,105 bp




Converting Counts/uL to ng/pL

Master Original

Mix % Sample

Dilution Dilution
‘

——

) 305 dsDNA copies/ng
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Proposed certification approach:

Assays

. Single copy target only

- Multiple copy assays are not useful

- Primer binding efficiency

- Effects amplification of template

- Effects amplification of amplicon

- Probe binding efficiency

- Effects the “reporting” of amplification

- Concentration of analyte

- Must be within the linear analytical range



HBB1 gPCR (Hemoglobin, beta)

Delta B Cycl A-F: 402 nefpl
1.0e+001 S — | HBB A-M: 422 nefpl
Data: |De|ta Fnwvs Cycle A-C: 738 ngful
Detectar: I.-'-‘-.II— 30 _H::H
T e | 1 _ “@h E-F: 46.1 ngful
Line Color: IW -, B-M1: 53,7 ngful
k ! B-C: 76.5 neful
1.0e-001 Snalysiz Settings ] H‘;n._t
(F {* Ak Ch 28+ i
% " Manual Ct 5
= ool Threshold: [0.2736667
: (s
l\.\-\'\"\.
1.0e-003 2 %7 4 0903 %‘EH
63 OC Start [epcle): |Auto 1 B:-0.983 ﬂ::t
1.0e-004 |
1516 17 1818 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 End [cycle]: jAuto
_ Cycle Murnber | 24 | | T | !
0.5 1 2 q o 1a
[DNA], ngful
Triplicates of a dilution series of SRM 2372 Results from 2 different
Component A : 1:10, 1:20, 1:40, and 1:80 calibrating materials yield similar

concentrations for unknown
1:10 dilution of Component A 26.6 Cts samples



HBB1 cdPCR-Temperature
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No significant
observed difference
between
temperatures tested
for HBB1 cdPCR
assay
12.765 chip




ddPCR HBB1 Temperature

Study

” Poisson 95 % confidence limits

51.9. 8 5137 ST 51470 522

50 —

40 —

51.3 average copies/uL over 82 replicates
4.2 % relative sd over 82 replicates
0.5 % relative sd of the mean (PRECISION)

30 —

20 —

Ch1 Conc(copies/pL)

10 —

n=13 n=14 n=27 n=14 n=14

1:25I(57) 1:25l(59) 1:25l(61) 1:25I(63) 1:25I(65)
Sample



Varying Probe Concentration

NCBI primers used at 59 °C annealing temperature.

Paneld! : Amplification Panel0s : Amplification Panel 0 : Amplification

09222014_1151122063\User (Global) o 195 nM - Y -
* 0.0 n oan n (iE=r)

500 nM |

ARN
ARN
ARN

HBB1:BHQ_0.5
HBB1:BHQ+ 0.5
HEB1:BHQ 1 : oo . - g - - ) . ! . . . - / “ | - - f 4 ; ;
34 1 HBB1:BHQ+_1

| HBB1:BHQ 2
HEB1:BHQ+_2 140 140 .

- 125nM 2 250 nM

1.00 1.00 1.00

Panel 2 : Amplification

ARN

Ct, oycles

005 0.10 0.15 0.20 025 0.30 0.35 0.40
Fraction Positive Chambers




HBB1 ddPCR

Primers (concentration)/Probes (types)

Ch1-Conc:623 Pos:276385 Neq:362503
14000 201 C01 E01 HO1 BO? DO2 FOZ HO2 BO3 D03 FO3 HO3 B04 DO4 FO4 HO4 BO5 D05 FO5 HO5 BOG DOS FO6

Copies/uL Concentration of the

Copies/uL e

12000 | 619  BHQ+- primers varied
BHQ+ QOO_DM . . .
Two different primer pairs

3.5

Copies/pL ?’80 "M Bl !
10000 -+ it 615 o x : | : : : , ]
CopieS/uLcOg;/uL: %:AS/HL e Two dlff_ere nt prob_e_s used
agivian T EERERRRE TNy
g 800 1 ks ) 9_0?) M 125?1|v| S L e primer specific
£ gMan AVENTE . . T
E o . H' i 1o |'.i= @i, v st
o W e While intensity varies
final copies/pL do not

0 100000 200000 300000 400000 500000 500000
Event Number



Delta Fn

ACTB QPCR (actin, beta)

Delta Frn vs Cucle

1.0e+000

1.0e-001

1.0e-002

1.0e-003

1.0e-004

1.0e-005

61 °C

1816 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

1.0e-006

Triplicates of a dilution series of SRM 2372
Component A : 1:10, 1:20, 1:40, and 1:80

1:10 dilution of Component A 26 Cts

Drata: |Delta Fn ws Cocle

Detectar: |ﬁ3.II

-
-
-

Line Colar: |\w/ell Color

Analpzsis Settings

{e Auto Ct
" Manual Ct

Threzhold: Im
o

~

Start [cpcle]: |Auto

End [cycle]: |Auto

30

28

24

A-F: 41 4 ngfpl

ACT B AN 273 neful

A-C:27.1 negfpl
B-F: 26.9 ngfpl
E-M: 33.0 ngful
BE-C: 24.2 ngfpl

0.5 1 2 4 o
[DNA] ngful

Results from 2 different

calibrating materials yield similar

concentrations for unknown

samples



ACTB cdPCR

o . T2 ] ACTB
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Assay not suitable for cdPCR



Delta Rn

DOS2157 QPCR (flanking region)

Delta Bnws Cycle

1.0e+001

1.0e+000

1.0e-001

1.0e-002

1.0e-003

1.0e-004

60 °C

1.0e-00%

1916 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

_ Cycle Mumber

Aa-F: 40.1 nefpl
Aa-M: 356 ngfpl
Aa-C:20.9 ngful

Data: |Delta Fin we Cycle a0

Ea-F: 27.5 ngful
Ba-h: 22.2 ngfpl
Ba-C:82.C ngful

-
Detectar:; |,-'.‘g|| o
-

Line Calor: |Wel| Colar

Ab-F: 29.9 ngful

Analyziz Settings 28 .
= "« Ab-h: 23.9 ngful

f+ Auta Ct & ‘“‘Hﬁ“«@.:- 27 1 neful
" Manual Ct ~'“\@:
Threshold: |0.1334272 ﬁm‘hh
e, -
S
(= T
26 - A
- Ag-0.922 S
1 Ba:-1.084 ’
Start [cycle]: |Auto
1 &b -0.954
End [cpcle): |Auto Bh:-1.0365
24 I I 1 I
| 0.5 1 2 3 G

Triplicates of a dilution series of SRM 2372
Component A : 1:10, 1:20, 1:40, and 1:80

1:10 dilution of Component A 27 Cts

[DNA], ngful

Results from 2 different

calibrating materials yield different

concentrations for unknown
samples




D9S52157 cdPCR

o . 120 | Dg
= | 61 °C Annealing ... 62 °C Annealing ]
- - 0.80 50 :
- 0.5 :
. 0.40 18 40 ‘/
0.20 0.20 1
0.00 000 ; 30 - P E—
1 11 2 -:3-:3; i 51 " 11 . CT; 41 &1 / —2;2
1 63 °C Annealing A ] —esc
£ .2 65°CAnnealing
050 080 Fraction Positive Chambers
: 080
- D9 is tracking HBB1
s reasonably well with

the exception of the
62°C data (to be
examined further)
12.765 chip



D9S2157 ddPCR

Annealing g BUAD01 OIS TeaB0D05 IS8T FITBOOOFOOCIEL
Temperatu res. Copies/ul Copies/ul  Copies/ul  Copies/ul Copies/uL Copies/uL
53 OC 55 OC 57 OC c000 L 55.Z 55.5(9) . 52.?) 54.6o 54.2o 53.00 ]
59 OC’, 61 OC” 63 OC’ e 53 C 95 .C 57°CG 59°C 61°C 63°C
As the temperature g 3000 Laif f
increases there isa £ 2000 L 1t
decrease in the E 1000 B e T
separation of 5, k
positives and
negatives 10T '
However these -2000 T
yield the same 3000 i1 | | |
counts 0 100000 200000 300000 400000

Event Number



dPCR optimized Assays for

SRM 2372a

O assays spread across 8 different chromosomes
All assays are single copy, and Human, or Primate specific
checked in silico at NCBI BLAST website

CHR 2 CHR4 CHR5 CHR6 CHR9 CHR11 CHR14 CHR?22

F25.3 Fle.3 .Qﬁhf F15.33 HBBl )y F15.5 P13
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it A al4.5 q21.11 413,
. 715 "
- 315 421,13 q15.4 e 121
q21.1 al6.1 a23.1
q22.1 325 q21.3 q21.51 q23.2
42243 al6.3 q2l.32 alt.l ql2.2
QZE. 3 26 q21.55 ALTd
q24.1 321 [ |qld.2 324.1
328.1 + D6S474
q22.51 q14.3 q24.2
q24.3 Jow q22.1 0D P
e a2z,
31,1 253 3233 422,31 422,35 21 a7
q31.1 - q22.1
511
F32.1 3l.21 31,2 42233 a1 22C3 o
g q25.2 F31.2 I
43243 9313 - q23.3 4313 Rk .
3331 321 N qz24.1 932 Fele a13.2
5301 q32.11
q
54 I 9353 R 33,2 q32.12
. . a7E_ 1 3.
S Il 254 D9S2157 @ Q535 D1451434 2. q1%.51
G673 q54.11 4.2 RS0
F3b. 543 3351 ik a4, qi5.52
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43725 o 4353 427 4343 ' 425 AFEF5 q13.33



Accessible Amplifiable Targets per puL, x10°

1.9 -

1.8 A

1.7

1.8 -

1.7 A

1.6

Bias Between Assays

cdPCR

4.5 %

4.3 %

5 assays used for a clinical SRM
=4.5 % bias between assays

within a platform

Error bars represent + 1 SD of
measurements made over
5 weeks

The thousands of droplets In
ddPCR give slightly smaller
error bars then cdPCR chambers



Bias Between Platforms

2 1.9 -
= 0 | o 7.6 % Bias between cdPCR and
g g Q 4PCR ddPCR averages
g """"""""" o 1
2 T ., One possible source of this bias is
2 | L | thevolume estimates of the ddPCR
S e O N A droplets and the cdPCR chip
= ¥ ddPCR
- e chambers
L

1.6 . .

~ v ™M ' L))



Volume as a source of Bias

Question:
How well Is the volume of chambers or droplets known?

Answer:
Manufacturers give volumes with no estimates of uncertainty
Bio-Rad Droplet: Manufacturer: 0.91 nL

As measured by NMI-A: 0.868 nL + 2 %
Pinheiro et al. Anal. Chem. 2012, 84, 1003-1011

Fluidigm: 6 nL 12 panel Chip
0.85 nL 48 panel Chip

12 panel Chips as measured by NMI-A: (6.0£0.6) nL & (5.6%£0.6) nL
Bhat et al. Anal. Bioanal. Chem. 2009, 394, 457-467

Our colleagues In the Physics Laboratory here at NIST are working on
measurements of the ddPCR droplets and the cdPCR 48 panel chip



Backdoor Volume determination

- Take a material where you know the copies/uL
- Analyze that material on both dPCR platforms

Determine the volumes of the platforms based on
the known copies/pL material

- Wait Wait Walt a minute Is that not what we are
trying to determine with dPCR?

...but if we had an assay system that uses 96-well plates
...where we can directly measure all the volumes
...we can calibrate the ddPCR and cdPCR volumes!



Counting PCR (cPCR)

- CPCR developed by dnasoftware (Ann Arbor, Ml)
- Uses data from all cycles of a gPCR instrument
- "gPCR CopyCount” software

- Calibration uses a 96-well plate
- = 1.5 targets/well
- 60 amplification cycles

- We can determine the uncertainty associated with
these volumes! (2 to 20) pL

- How reproducible Is it?



CopyCount Calibration Data

Runl | Run?2 Run 3
Mean copy # 1.3854 | 1.3579 | 1.3579
Calibration error % 8.7 8.8 8.8

Run 1 Run 2

IIIII _I_ IIIIIII_
5

sssssssssssssss

Method appears reproducible
We are still working on this
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