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Modifications to TaqMan® Universal PCR Master Mix 
have no effect on functional performance or stability

Abstract
Beginning in April 2014, minor modifications 
will be made to the TaqMan® Universal PCR 
Master Mix and TaqMan® Universal PCR 
Master Mix, No AmpErase® UNG. These 
modifications include transfer of manufacturing 
from Branchburg, NJ to Warrington, UK 
and changes in source/vendor for some raw 
material components. In recognition of the 
importance of these products in existing 
protocols, we have conducted extensive studies 
to demonstrate functional equivalency. These 
changes have been shown to have no effect 
on the overall functional characteristics of 
the master mixes. This paper describes the 
testing process and test results for dynamic 
range, sensitivity, specificity, discrimination, Ct 
and ΔRn comparisons, and pre-PCR stability. 
The results show no differences between the 
current TaqMan® Universal PCR Master Mix 
manufactured in Branchburg, NJ and validation 
lots manufactured in Warrington, UK with the 
described changes.

Introduction
As part of the ongoing efforts at Life 
Technologies to provide the highest quality 
qPCR master mixes, modifications will be 
made to the TaqMan® Universal PCR Master 
Mix and TaqMan® Universal PCR Master Mix, 
No AmpErase® UNG, beginning in April 2014. 
The impacted catalog numbers are listed in 
the Appendix (Table 4). These modifications 
include the transfer of manufacturing from 

Branchburg, NJ (Roche Molecular Systems, 
third party manufacturer) to Warrington, 
UK (Thermo Fisher Scientific Inc., formerly 
Life Technologies). The formulation remains 
unchanged; however, there is a change 
in source/vendor for some raw material 
components such as dNTPs and AmpliTaq 
Gold® DNA Polymerase. 
The execution of the transfer is tightly 
controlled in a vigilant manner to minimize 
disruption to the many laboratories that 
rely on these reagents every day. The most 
important aspect of this process is to maintain 
consistent performance and reliability. This 
paper describes the testing process, involving 
multiple lots, with a number of gene expression 
assays, to assess dynamic range, sensitivity, 
specificity, discrimination, and pre-PCR 
stability. Results show no functional difference 
between current TaqMan® Universal PCR 
Master Mix manufactured in Branchburg, NJ 
and validation lots manufactured in Warrington, 
UK with the implemented changes. A separate 
document is available describing testing and 
results for TaqMan® Universal PCR Master Mix, 
No AmpErase® UNG. 

Materials and methods
Material lots tested
For performance comparisons, four unique lots 
of TaqMan® Universal PCR Master Mix made in 
Branchburg, NJ (designated R1, R2, R3, and R4) 
were ordered in 50 mL kits directly from the 
Life Technologies website.
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Three validation lots (designated L1, L2, and L3) 
were formulated in full-scale volumes at the 
Warrington, UK manufacturing site. 
Validation material QC
Validation lots passed analytical QC specifications 
set for Mg2+ concentration (HPIC), dNTP 
concentrations (HPLC), DNase/RNase activity, 
E. coli contamination, and pH. They also passed 
functional tests with RNase P and β-actin gene 
expression assays.
Functional performance
Dynamic range
Four TaqMan® Gene Expression Assays 
(FAM™-MGB, 20X) were tested across a 5-log 
concentration dynamic range: FN1 (Hs00277509_
m1), PGK1 (Hs99999906_m1), RPLP0 
(Hs99999902_m1), and B2M (Hs00187842_m1). 
The serial dilution spanned final concentrations 
of 100 ng to 1 pg of cDNA per reaction. The 
cDNA template was synthesized from Universal 
Human RNA (Stratagene) and the SuperScript® 
VILO™ cDNA Synthesis Kit (Cat. No. 11754250). 
Additionally, duplex performance was tested with 
B2M and an exogenous internal positive control 
(IPC) (VIC®-TAMRA™ probe; Cat. No. 4308323). 
Reactions were run in the 384-well format on a 
ViiA™ 7 Real-Time PCR System using universal 
cycling conditions (50°C, 2 min; 95°C, 10 min; 
95°C, 15 sec; and 60°C, 1 min for 40 cycles). 
Each reaction was tested with six technical 
replicates and was further repeated across three 
PCR runs. ViiA™ 7 software v1.2.2 was used to 
generate amplification plots and determine Ct 
values (analysis settings: auto-baseline; threshold  
set at 0.1).
Gene expression panel
138 TaqMan® Gene Expression Assays (FAM™-
MGB, 20X) and six TaqMan® endogenous controls 
were functionally tested. Refer to Table 3 in 
the Appendix for assay information. The six 
endogenous controls were primer-limited 
(150 nM instead of 900 nM) and had VIC®-TAMRA™ 
probes. Reactions followed the standard product 
protocol for a 10 µL reaction volume. 1 ng of 
cDNA synthesized from Universal Human RNA 
(Stratagene) and the SuperScript® VILO™ cDNA 
Synthesis Kit was used as the final template 
amount for all reactions. Reactions were run in 
the 384-well format on a ViiA™ 7 Real-Time PCR 

System using universal cycling conditions (50°C, 
2 min; 95°C, 10 min; 95°C, 15 sec; and 60°C, 
1 min for 40 cycles). Each reaction was tested 
with six technical replicates. ViiA™ 7 software 
v1.2.2 was used to generate amplification plots 
and determine Ct values (analysis settings: auto-
baseline; threshold: set at 0.1).
Pre-PCR stability
The 144-assay gene expression panel was also 
tested for pre-PCR stability of 24 and 72 hours. 
Reactions were assembled as described above 
and the sealed 384-well plates were stored on 
the benchtop at room temperature, exposed 
to intermittent light before being run on the 
ViiA™ 7 Real-Time PCR System. Thermal cycling 
conditions and analysis settings were identical to 
those previously described.
Specificity
The 144-assay gene expression panel was also 
tested for specificity by running “no-template 
control” (NTC) reactions. Reactions were 
assembled as described above, except that water 
replaced the sample volume. Thermal cycling 
conditions and analysis settings were identical to 
those previously described.
Sensitivity
The RNase P assay from the TaqMan® RNase 
P Detection Reagents Kit (Cat. No. 4316831) 
was tested with CEPH gDNA (Cat. No. 403062) 
diluted to a final concentration of 2 copies per 
20 µL reaction. Reactions were run in the 384-
well format on a ViiA™ 7 Real-Time PCR System 
using universal cycling conditions (50°C, 2 min; 
95°C, 10 min; 95°C, 15 sec; and 60°C, 1 min for 
40 cycles). Each reaction was tested with 20 
technical replicates to overcome sampling error 
at the low concentration. NTC reactions were 
tested with six technical replicates. Each set of 
replicates was further repeated across three 
PCR runs. ViiA™ 7 software v1.2.2 was used to 
determine Ct values (analysis settings: auto-
baseline; threshold set at 0.1).
Discrimination
The RNase P assay from the TaqMan® RNase P 
Detection Reagents Kit (Cat. No. 4316831) was 
tested with CEPH gDNA (Cat. No. 403062) diluted 
to final concentrations of either 1,600 or 800 
copies per 20 µL reaction. Reactions were run in 
the 384-well format on a ViiA™ 7 Real-Time PCR 
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System using universal cycling conditions (50°C, 
2 min; 95°C, 10 min; 95°C, 15 sec; and 60°C, 1 min 
for 40 cycles). Each reaction was tested with 10 
technical replicates. NTC reactions were tested 
with six technical replicates. Each set of replicates 
was further repeated across three PCR runs. 
ViiA™ 7 software v1.2.2 was used to determine Ct 
values (analysis settings: auto-baseline; threshold 
set at 0.1).

Results
Dynamic range
With each of the four TaqMan® Gene Expression 
Assays—FN1, PGK1, RPLP0, and B2M—no 
difference was observed between master mix lots 
for the mean Ct values calculated from the 18 data 
points at each dilution point. Three validation lots 
(UMM L1–L3) were compared against four lots of 
the current product (UMM R1–R4).

The following graphs depict the mean Ct vs. 
log concentration for the four tested assays 
(Figures 1A–4A) and a representation of the 
amplification plots for each assay (Figures 1B–
4B), showing strong linearity (R2 values ≥ 0.998), 
tight clustering across the series, and clean 
amplification curves.
Figures 5A and 5B depict the dilution plot and 
amplification curve, respectively, of the duplex 
B2M assay with IPC, once again displaying strong 
linearity (R2 ≥ 0.999) and amplification. 
PCR efficiency values were determined for the 
three tested lots using the slope of the mean Ct 
values for each of the four assays and the duplex 
assay (see Figure 6). Efficiencies across lots were 
consistent (< 2% difference) for each tested assay.
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Figure 1A. FN1 (Hs00277509_m1) mean Ct values plotted across 5 
logs of cDNA sample for all seven lots of Universal PCR Master Mix.

Figure 1B. PCR amplification plot overlaying technical replicates 
from all seven master mix lots at each concentration point.
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Figure 2A. PGK1 (Hs99999906_m1) mean Ct values plotted across 5 
logs of cDNA sample for all seven lots of Universal PCR Master Mix. 

Figure 3A. RPLP0 (Hs99999902_m1) mean Ct values plotted across 
5 logs of cDNA sample for all seven lots of Universal PCR Master 
Mix. 

Figure 2B. PCR amplification plot overlaying technical replicates 
from all seven master mix lots at each concentration point.

Figure 3B. PCR amplification plot overlaying technical replicates 
from all seven master mix lots at each concentration point.
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Figure 4A. B2M (Hs00363670_m1) mean Ct values plotted across 5 
logs of cDNA sample for all seven lots of Universal Master Mix. 

Figure 5A. B2M (Hs00363670_m1) mean Ct values when duplexed 
with an exogenous IPC (4308323); plotted across 5 logs of cDNA 
sample for all seven lots of Universal PCR Master Mix. 

Figure 4B. PCR amplification plot overlaying technical replicates 
from all seven master mix lots at each concentration point.

Figure 5B. PCR amplification plot overlaying technical replicates 
from all seven master mix lots at each concentration point and for 
the exogenous IPC (bottom). Note that at high concentrations the 
B2M assay out-competes the exogenous IPC, accounting for the 
observed variability in the IPC amplification plot.
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Gene expression panel
Performance in gene expression assays was 
tested across the seven lots using 138 TaqMan® 
Gene Expression Assays and six endogenous 
control assays with average Ct values calculated 
from six technical replicates. The plots in Figure 7 
show clear consistency of Ct values (average 
difference: <0.4%) within each assay across 
the seven lots from low-, medium-, and high-
expressing genes. 
Figure 8 depicts the mean ΔRn values for the 
same 144 TaqMan® Gene Expression Assays. 
No real differences are observed, with 99% of 
assays showing between-lot differences of <20% 
(calculated with the mean ∆Rn of each population 
for each assay).
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Figure 6. PCR efficiency values for each gene expression assay, 
calculated from the slope of the mean Ct vs. log(conc.) plot. Each 
assay exhibited consistent efficiencies between lots of Universal PCR 
Master Mix (differences <2%).

Figure 7. Mean Ct values obtained from each master mix (L1–L3 of Universal Master Mix and current lots R1–R4 Universal Master Mix) across 
all 138 TaqMan® Gene Expression Assays and 6 endogenous control assays. Six assays were excluded because of no amplification with any lot 
groups: ADIPOQ, CYP2C9, IL12B, IL2, FABP4, and FASLG. Six technical replicates per assay were run with each master mix on the same PCR 
plate (n = 6; error bars are ±1σ).
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Figure 8. Mean ΔRn values obtained from each master mix (L1–L3 of Universal Master Mix and current lots R1–R4 Universal Master Mix) 
across all 138 TaqMan® Gene Expression Assays and 6 endogenous control assays. Six assays were excluded because of no amplification with 
any lot groups: ADIPOQ, CYP2C9, IL12B, IL2, FABP4, and FASLG. Six technical replicates per assay were run with each master mix on the same 
PCR plate (n = 6; error bars are ±1σ).
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Pre-PCR stability
Extensive stability testing was performed on all 
144 assays used for the performance testing 
above. Assembled reaction plates were sealed 
and left at room temperature for 24 and 72 hours, 
and all results calculated and collated. Figure 9 is 
a representation from a single validation lot (left) 
and current lot (right), showing mean Ct values 

for each assay with clear correlation across 
time points (Pearson’s value correlation scores 
were ≥0.998 for validation lots and current lots). 
Similarly, Figure 10 shows data for mean ΔRn 
values for the same two lots (Pearson’s r-value 
correlation scores were ≥ 0.98 for validation lots 
and ≥0.97 for current lots).
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Figure 9. Mean Ct values compared between benchtop stability time points of 0, 24, and 72 hours (JMP 10, SAS Inc.). Each point represents a 
single assay out of the 144 gene expression assay panel. Data are displayed for validation lot L1 (left) and a representative lot of current UMM 
(right). Correlation values were ≥0.998, with red oval boundaries representing the 95% confidence curves (α = 0.05).

Figure 10. Mean ΔRn values compared between benchtop stability time points of 0, 24, and 72 hours (JMP 10, SAS Inc.). Each point represents 
a single assay out of the 144 gene expression assay panel. Data are displayed for validation lot L1 (left) and a representative lot of Branchburg, 
NJ-made UMM (right). Correlation values were ≥0.97, with red oval boundaries representing the 95% confidence curves (α = 0.05).
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Specificity
To test performance with regards to nonspecific 
amplification, primer-dimer formation, and other 
specificity concerns, the same 144 TaqMan® Gene 
Expression Assays were run using water in place 
of template. Greater than 98% of NTC reactions 
across all assays exhibited no amplification. 
Table 1 shows the NTC amplification percentage 
statistics (Ct values <40) for the current and 
validation lots, with no statistical difference 
(p = 0.781) observed between the two 
populations.
Sensitivity
Sensitivity performance was tested using the 
TaqMan® RNase P assay on CEPH gDNA diluted 
to a 2-copy final dilution. Figure 11 shows 
distribution graphs for a total of 60 data points 
(collected across three runs of 20 replicates) for 
a single, representative master mix lot. Fitted 
normal distribution curves are shown in red.

NTC Amplification Percentage.

Mean St. Dev. 95% Conf. Interval

Validation 1.33% 0.10% 1.22% 1.44%

Current 1.39% 0.32% 1.08% 1.70%

Table 1. Percentage of NTC reactions containing positive 
amplification (nonspecific amplification) vs. master mix (three 
validation lots (n = 3) and four current lots (n = 4)). All 144 gene 
expression assays were run with four technical replicates each 
(total n = 576), and the percentage was calculated for each master 
mix lot. Positive amplifications were largely from both 18S assays 
(Hs99999901_s1; 4310893E).

Figure 11. Distribution of RNase P Ct values obtained from 2 copies/
rxn of CEPH gDNA. Data from three PCR setups were combined (20 
technical replicates each, total n = 60). Data are displayed using the 
JMP 10 Statistical Software package (SAS Institute Inc.) for a single, 
representative master mix lot. Reactions that did not amplify were 
considered to have 0 copies of CEPH gDNA, a result of sampling 
error near the digital concentration range. 
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Discrimination
Two-fold discrimination performance was tested 
using the TaqMan® RNase P assay on CEPH gDNA 
diluted to either 1,600 or 800 copies per reaction. 
Figure 12 shows distribution graphs for a total of 
30 data points (collected across three runs of 10 
replicates) for a single, representative master mix 

Figure 12. Distributions of RNase P Ct values obtained from 1,600 and 800 copies/rxn of CEPH gDNA. Data from three PCR setups were 
combined (10 technical replicates for each concentration, total n = 30). Data are displayed using the JMP 10 Statistical Software package (SAS 
Institute Inc.) for a single, representative master mix lot.

lot. Fitted normal distribution curves are shown in 
red for each mean copy number. Mean Ct values 
for the two concentrations were separated by 
>6 SD, providing sufficient separation for 2-fold 
copy number resolution.
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Conclusion
Validation lots incorporating the manufacturing 
changes were extensively tested against 
current lots of TaqMan® Universal PCR Master 
Mix to ascertain whether the changes would 
impact the functionality of the reagents. Tests 
showed no discernible differences in dynamic 
range, sensitivity, specificity, discrimination, 
and pre-PCR stability as well as general assay 
performance for gene expression assays selected 
to cover a representative range.

 We are confident that the TaqMan® Universal PCR 
Master Mix offered after April 2014 will continue 
to perform with the same quality, integrity, and 
functional performance as exists today.
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Appendix
Table 2. Linear dynamic range assays.

Number Assay ID Gene symbol

1 Hs00277509_m1 FN1

2 Hs99999906_m1 PGK1

3 Hs99999902_m1 RPLP0

4 Hs00187842_m1 B2M

Duplex 4308323 Exo IPC

Table 3. Gene expression assays.
Number Assay ID Gene symbol

1 Hs99999901_s1 18S

2 Hs00184500_m1 ABCB1

3 Hs00219905_m1 ABCC1

4 Hs00245154_m1 ABCG1

5 Hs00153936_m1 ACAN

6 Hs99999903_m1 ACTB

7 Hs00242273_m1 ACTG2

8 Hs00173490_m1 AFP

9 Hs00178289_m1 AKT1

10 Hs00163641_m1 APOA1

11 Hs00171168_m1 APOE

12 Hs99999907_m1 B2M

13 Hs00180269_m1 BAX

14 Hs00153353_m1 BIRC5

15 Hs00277039_m1 CCND1

16 Hs00154355_m1 CD68

17 Hs00170423_m1 CDH1

18 Hs00355782_m1 CDKN1A

19 Hs00153277_m1 CDKN1B

20 Hs00269972_s1 CEBPA

21 Hs00164004_m1 COL1A1

22 Hs00171022_m1 CXCL12

23 Hs00164383_m1 CYP1B1

24 Hs00604506_m1 CYP3A4

25 Hs00183740_m1 DKK1

26 Hs00174961_m1 EDN1

27 Hs00230957_m1 ESR2

28 Hs00266645_m1 FGF2

29 Hs00170630_m1 FOS

30 Hs00232764_m1 FOXA2

31 Hs00203958_m1 FOXP3

32 Hs00268943_s1 FZD1

33 Hs00169255_m1 GADD45A

34 Hs99999908_m1 GUSB

35 Hs00168352_m1 HMGCR

36 Hs00157965_m1 HMOX1

37 Hs00168405_m1 IL12A

Gene expression assays, continued

Number Assay ID Gene symbol

38 Hs00155517_m1 IL18

39 Hs00174092_m1 IL1A

40 Hs00174103_m1 IL8

41 Hs00174029_m1 KIT

42 Hs00234422_m1 MMP2

43 Hs00159163_m1 MMP7

44 Hs02387400_g1 NANOG

45 Hs00707120_s1 NES

46 Hs00167166_m1 NOS3

47 Hs00242943_m1 OAS1

48 Hs00855025_s1 PBX2

49 Hs99999906_m1 PGK1

50 Hs00172183_m1 PGR

51 Hs00180679_m1 PIK3CA

52 Hs00172187_m1 POLR2A

53 Hs00742896_s1 POU5F1

54 Hs00173304_m1 PPARGC1A

55 Hs99999904_m1 PPIA

56 Hs00168719_m1 PPIB

57 Hs00197884_m1 SLC2A1

58 Hs00170665_m1 SMO

59 Hs00269575_s1 SOCS3

60 Hs00167093_m1 SPP1

61 Hs00234829_m1 STAT1

62 Hs00427620_m1 TBP

63 Hs99999911_m1 TFRC

64 Hs00171257_m1 TGFB1

65 Hs99999918_m1 TGFB1

66 Hs00171558_m1 TIMP1

67 Hs00174128_m1 TNF

68 Hs00171068_m1 TNFRSF11B

69 Hs00173626_m1 VEGFA

70* 4310893E 18s-2

71* 4310881E ACTB-2

72* 4310884E GAPDH-2

73 Hs00166123_m1 ABCC2

74 Hs00184979_m1 ABCG2

75 Hs00817723_g1 ACADVL

76 Hs00605917_m1 ADIPOQ

77 Hs00758162_m1 ALPL

78 Hs00169098_m1 APP

79 Hs00153350_m1 BCL2

80 Hs00608023_m1 BCL2

81 Hs00236329_m1 BCL2L1

82 Hs00154192_m1 BMP2

83 Hs00171074_m1 CCL17

84 Hs00171125_m1 CCL20

85 Hs00234142_m1 CCL3
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Gene expression assays, continued

Number Assay ID Gene symbol

86 Hs00362446_m1 CCT7

87 Hs00169627_m1 CD36

88 Hs00199349_m1 CD86

89 Hs00164099_m1 COL1A2

90 Hs00164103_m1 COL3A1

91 Hs00170025_m1 CTNNB1

92 Hs00153120_m1 CYP1A1

93 Hs00167937_g1 CYP2B6

94 Hs00426397_m1 CYP2C9

95 Hs00193306_m1 EGFR

96 Hs00355783_m1 ELN

97 Hs00170433_m1 ERBB2

98 Hs00175225_m1 F3

99 Hs00609791_m1 FABP4

100 Hs00181225_m1 FASLG

101 Hs00188012_m1 FASN

102 Hs00270117_s1 FOXD1

103 Hs02758991_g1 GAPDH

104 Hs00231122_m1 GATA3

105 Hs00300159_m1 HGF

106 Hs00230853_m1 HNF4A

107 Hs99999909_m1 HPRT1

108 Hs00153126_m1 IGF1

109 Hs00233688_m1 IL12B

110 Hs00174114_m1 IL2

111 Hs00372324_m1 IL23A

112 Hs00181192_m1 LDLR

113 Hs00173425_m1 LPL

114 Hs00233992_m1 MMP13

115 Hs00234579_m1 MMP9

116 Hs00153408_m1 MYC

117 Hs00153283_m1 NFKBIA

118 Hs00167248_m1 NOS2

119 Hs00413187_m1 NOTCH1

120 Hs00168547_m1 NQO1

121 Hs00172885_m1 NR1H3

122 Hs00159719_m1 OAS2

123 Hs00169777_m1 PECAM1

124 Hs00231882_m1 PPARA

125 Hs00234592_m1 PPARG

126 Hs00829813_s1 PTEN

127 Hs00153133_m1 PTGS2

128 Hs00179843_m1 SHH

129 Hs00178696_m1 SMAD7

130 Hs00195591_m1 SNAI1

Gene expression assays, continued

Number Assay ID Gene symbol

131 Hs00167309_m1 SOD2

132 Hs00165814_m1 SOX9

133 Hs00165949_m1 TIMP3

134 Hs00152933_m1 TLR3

135 Hs00152939_m1 TLR4

136 Hs00152971_m1 TLR7

137 Hs00153340_m1 TP53

138 Hs00702289_s1 TWF1

139 Hs00365486_m1 VCAM1

140 Hs00900054_m1 VEGFA

141 Hs00185584_m1 VIM

142* 4310890E HPRT1-2

143* 4310885E PGK1-2

144* 4310883E PPIA-2
* �TaqMan® endogenous control assays; primer-limited (150 nM instead of 900 nM) with VIC-TAMRA probes.

Table 4. Affected catalog numbers.
List of all affected catalog numbers of TaqMan® 
Universal PCR Master Mix and TaqMan® Universal 
Master Mix, No AmpErase® UNG impacted by the 
manufacturing site change.

Product name Cat. No.

TaqMan® Universal PCR Master Mix, 1-Pack (1 x 5 mL) 4304437

TaqMan® Universal PCR Master Mix, 10-Pack (10 x 5 mL) 4305719

TaqMan® Universal PCR Master Mix, 10 Unit Pack  
(10 x 5 mL)

4318157

TaqMan® Universal PCR Master Mix, 1 Bulk Pack  
(1 x 50 mL)

4326708

TaqMan® Universal PCR Master Mix, 2-Pack (2 x 5 mL) 4364338

TaqMan® Universal PCR Master Mix, 5-Pack (5 x 5 mL) 4364340

TaqMan® Universal PCR Master Mix, No AmpErase® UNG, 
1-Pack (1 x 5 mL)

4324018

TaqMan® Universal PCR Master Mix, No AmpErase® UNG, 
10 Unit Pack (10 x 5 mL)

4324020

TaqMan® Universal PCR Master Mix, No AmpErase® UNG, 
1 Bulk Pack (1 x 50 mL)

4326614

TaqMan® Universal PCR Master Mix, No AmpErase® UNG, 
2-Pack (2 x 5 mL)

4364341

TaqMan® Universal PCR Master Mix, No AmpErase® UNG, 
5-Pack (5 x 5 mL)

4364343


