
 
 

     

          Saving Samples, Time, Space & Energy 

 

Scientific evaluations of Biomatrica’s 

technologies for room temperature storage and 

stabilization of biological samples 

 

 

 

 

Contact Information: 1-858-550-0308 

1. Rolf Muller, Ph. D. (x224), CSO & Founder 

rmuller@biomatrica.com  

2. Judy Muller-Cohn, Ph. D. (x222), CEO & Founder 

jmullercohn@biomatrica.com  

3. Marylinn Munson (x233), VP Global Sales & Business Development 

mmunson@biomatrica.com  

4. Omoshile Clement, Ph. D. (x230) Associate Director, Marketing 
oclement@biomatrica.com 
 

mailto:rmuller@biomatrica.com
mailto:jmullercohn@biomatrica.com
mailto:mmunson@biomatrica.com
mailto:oclement@biomatrica.com


2 
Revised May 2011 

Contents 
Executive Summary .................................................................................................................................. 4 

genomic DNA stabilization product (DNAstable®) ...................................................................... 5 

Genomic DNA from blood samples .......................................................................................................... 5 

DNA PRIMERS ............................................................................................................................................ 6 

VIRAL DNA ................................................................................................................................................ 7 

ZOOSPORE DNA ......................................................................................................................................... 7 

DNA EXTRACTED FROM FROG SKIN SWABS ..................................................................................................... 8 

DNA stabilization analysis using SNP genotyping arrays ......................................................................... 9 

Forensic DNA samples stored in DNAstable® ........................................................................................ 10 

Long-term storage of forensic DNA samples in DNAstable® .................................................................. 11 

RNA stabilization product (RNAstable®) .................................................................................. 12 

RNA leaf extracts .................................................................................................................................... 12 

Total RNA and miRNA analysis ............................................................................................................... 12 

RNA samples from skin tissue ................................................................................................................ 13 

RNA preservation in colon cancer tissues measured by LCM ................................................................ 13 

RNA Sequencing Analysis of viral RNA from Plasmodium Falciparum .................................................. 15 

Stabilizing FPET RNA in cancer samples ................................................................................................. 15 

PCRboost® .............................................................................................................................. 17 

Overview ................................................................................................................................................ 17 

PCR analysis of low level gDNA sample with & without PCRboost ........................................................ 17 

Blood Stabilization Products ................................................................................................... 18 

DNAstable® Blood - Overview ................................................................................................................ 18 

DNAstable® Blood & Buffy Coat - Performance ..................................................................................... 18 

Stabilization of DNA in Buffy Coat.......................................................................................................... 19 

Format Flexibility ................................................................................................................................... 19 

Examples for downstream applications ................................................................................................. 20 

Long-range PCR analysis of DNAstable Blood stabilized samples .......................................................... 20 

Polymorphism Detection ....................................................................................................................... 21 

HLA-A Typing Studies ............................................................................................................................. 21 

Viral DNA quantitation ........................................................................................................................... 22 



3 
Revised May 2011 

Conservation of methylation patterns ................................................................................................... 22 

DNAgard® Blood - Overview .................................................................................................................. 23 

Tissues and cells stabilization products ................................................................................... 24 

DNAgard® Tissues & Cells - Overview .................................................................................................... 24 

DNAgard® Tissues and Cells - Performance ........................................................................................... 24 

Examples for downstream applications ................................................................................................. 25 

Long range PCR and real-time PCR ........................................................................................................ 25 

SNP Genotyping Analysis ....................................................................................................................... 26 

Sequencing ............................................................................................................................................. 26 

Appendix ................................................................................................................................ 28 

Publications and Posters On DNAstable® and DNA stability ................................................................. 28 

DNAstable® Application Notes ............................................................................................................... 29 

Sustainable Solutions/Storage and Management ................................................................................. 30 

Biomimicry ............................................................................................................................................. 30 

RNAstable® and RNA stability ................................................................................................................. 31 

RNAstable® Application Notes ................................................................................................................ 31 

PCRboost® and STRboost® Posters ........................................................................................................ 31 

PCRboost® and STRboost® Application Notes ....................................................................................... 31 

DNAstable® Blood (also known as QIAsafe DNA Blood) ........................................................................ 31 

DNAgard® Tissue and Cells..................................................................................................................... 32 

DNAgard® Tissue and Cells Application Notes ....................................................................................... 32 

Organizations recommending use of Biomatrica products ....................................................... 32 

Additional Web Links referencing Biomatrica’s technology ..................................................... 32 

 

 
 

 



4 
Revised May 2011 

 

 

Executive Summary 
This is a summary of a representative sampling of scientific research studies conducted to 

evaluate RNA and DNA samples stored at room temperature versus storage at low (-200C) and 

ultra-low temperatures (-800C). The results conclude that long-term RNA and DNA storage and 

stabilization at room temperature using Biomatrica’s stabilization products, RNAstable®, 

DNAstable®, DNAstable Blood (QSB), and DNAgard Tissue provide no discernible difference in 

sample quality, yield and downstream analysis based on qPCR, gene expression, and/or 

sequencing experiments when compared with samples stored at low (-200C) or ultra-low 

temperatures (-800C).  

The list below captures some of the testing data for several products described in this document. 

Summary of products and testing timelines 

 

Room temperature storage of bio-samples offer a highly sustainable biological research 

environment, with lowered energy costs, lowered greenhouse emissions, reduced capital 

equipment costs, reduced sample shipping costs, and increased optimization of research lab space 

when freezers are replaced with room temperature storage. 

 

 

 

 

 

 

Sample Products Sample Type Longest testing timeline

Downstream analyses 

tested

Purified DNA DNAstable

gDNA, plasmids, 

oligos, lambdas

1) gDNA: 26 months @ 60degC ~ 30 years @ RT

2) gDNA: 3.5 years @ Room Temperature Genotyping arrays, PCR 

Purified RNA RNAstable

tRNA, mRNA, siRNA, 

miRNA

1) tRNA: 29 months @ 50degC ~ 18 years@ RT

2) tRNA: 29 months @ Room Temperature

PCR, qPCR, Bioanalyzer, 

gels, gene expression 

(AFFX & ILMN)

DNA in Blood

QIAsafe DNA Blood/ 

DNAstable Blood

Whole blood 

Buffy coat

1) Blood DNA: 14 months @ 50degC ~ 8 years @ RT

2) Blood DNA: 14 months at Room Temperature

qPCR, methylation, 

sequencing, genotyping

DNA in 

Tissues & 

Cells DNAgard Tissue

Tissues from kidney, 

lungs, spleen, brain, 

liver, tail & 293T cells

1) Kidney: 6 months @ Room Temperature

2) Lung, tail, spleen, liver & brain: 70days @ RT

3) 293T-cells: 84 days @ RT PCR, sequencing

Bacteria CloneStable DH5-α

1) DH5-α:  6 months @ 50degC ~ 3.5 years @ RT

2) DH5-α: 20 months @ Room Temperature

Transformations, 

transfections
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GENOMIC DNA STABILIZATION PRODUCT (DNASTABLE®) 

Genomic DNA from blood samples1 

Research work in the laboratory of Professor Pui Kwok (UCSF) conducted on genomic DNA 

extracted from 8 blood samples stored at room temperature (DNAstable) as well as in cold 

freezers at -200C using the workflow shown in Figure 1 was recently published.1 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Experiment design workflow for evaluating different DNA storage options. 

 

Gel separation of gDNA recovered from samples stored at room temperature (DNAstable) or low 

temperature (-200C) indicate storage at room temperature did not degrade sample quality (see 

Figure 2). Confirmation of this finding was obtained from short and long-range PCR analysis, as 

well as DNA sequencing experiments as shown in Figure 3 below. 

 

 

Figure 2: Gel analysis of DNA recovered from 

previously stored samples with DNAstable (room 

temperature ( )) and cold freezing (-20
0
C). 

 

                                                           
1
 Wan, E., Akan, M., Pons, J., Chen, J., Muscone, S., Kwok, P.-Y., Liao, W. Green Technologies for Room Temperature 

Nucleic Acid Storage, Curr. Issues Mol. Biol., 2010, 2:12(3), 135-142. 
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(a) (b)   

 

 

 

 

  

      (c) 

Figure 3: Results of downstream experiments on recovered DNA stored at room temperature (DNAstable) 

versus storage at -20
0
C: (a) long-range PCR, (b) short-range PCR, and (c) DNA sequencing showing no base 

mismatches between RT-stored and cold-stored samples.
1 

DNA PRIMERS 

This study was conducted in Professor Miriam Goodman’s lab2 (Stanford U) using 

DNAstable to stabilize and store DNA primers, prior to PCR analysis. The results (see 

Figure 4) were compared with DNA samples stored in freezers. The authors found no 

difference in DNA quality/integrity when stored at room temperature with DNAstable 

versus samples storage in cold temperature freezers. 

 

Figure 4: Comparison of gel results of primers at 

different sample sizes stored in DNAstable (at 

room temperature) versus cold storage (frozen at 

-80
0
C) after 11 days 

 

                                                           
2
 Unpublished data. Reproduced with permission. 
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VIRAL DNA 
This study was performed in Professor Miriam Goodman’s lab2 (Stanford U) using DNAstable to 

stabilize and store viral DNA samples at room temperature over a 2-month period. Samples were 

analyzed using gel electrophoresis and subsequently subjected to PCR analysis. The results (see 

Figure 5) show that DNAstable provided a versatile stabilization and storage medium for viral DNA 

samples.  

 

Figure 5: Gel electrophoresis output of HPV16 and HPV18 
genomic DNA stored with DNAstable at room temperature 
(2 months). 

 

 

ZOOSPORE DNA 
Professor Cherie Briggs Lab3 (UC Santa Barbara) is part of the Sierra Nevada Amphibious Research 

Group (SNARL) engaged in the study of fungal diseases in the mountain yellow-legged frogs (Rana 

muscosa). >20,000 DNA samples have been collected and are currently stored in freezers at -200C. 

An evaluation study was performed on storage of some of these samples at room temperature 

and 560C using DNAstable, and results compared against unprotected samples as well as samples 

stored in freezers at -200C (see Figure 6). The study concluded that quantitative yields of zoospore 

DNA samples stored with DNAstable were equivalent to or better than those stored at -200C. 

 

 

 

 

 

 

 

 

 

Figure 6: Quantitative yields and PCR results of zoospore DNA samples stored at room temperature and 56
0
C 

(DNAstable) versus samples stored at -20
0
C or unprotected samples at room temperature. 

                                                           
3
 Unpublished data. Reproduced with permission. 
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DNA EXTRACTED FROM FROG SKIN SWABS 
The Briggs’ Lab (UCSB) performed PCR analysis of diluted and undiluted DNA extracts from frog 

skin swabs stored in DNAstable matrix (room temperature and 560C) versus those stored frozen at 

-200C or unprotected at room temperature.3 The results (see Figure 7) showed that samples 

stored in DNAstable provided quantitative DNA yields with good PCR performance that is similar 

to samples stored frozen at -200C. 

 

     (a) 

 

 

 

 

 

 

 

 

 

     (b) 

Figure 7: Yield and PCR analysis results for (a) undiluted and (b) diluted gDNA extracted from frog skins stored at 

room temperature (with DNAstable), unprotected and cold-stored (freezer at -20
0
C). 
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Sample Condition Call Rate (%)

Frozen-dry GT 

concordance 

(%)

Standard 

Deviation 

Log R Ratio

C00362 Frozen 99.9492 NA 0.1693

C00362 25°C - dry 99.9590 99.9992 0.1668

C00362 37°C - dry 99.9709 99.9992 0.1724

C00120 Frozen 99.9485 NA 0.1796

C00120 25°C - dry 99.9462 99.9994 0.1800

C00120 37°C - dry 99.9594 99.9993 0.1969

C00146 Frozen 99.9511 NA 0.1747

C00146 25°C - dry 99.9360 99.9991 0.1715

C00146 37°C - dry 99.9656 99.9992 0.1725

C00217 Frozen 99.9555 NA 0.2000

C00217 25°C - dry 99.9428 99.9997 0.1752

C00217 37°C - dry 99.9687 99.9997 0.1714

Av (4 samples) Frozen 99.9511 NA 0.1809

Av (4 samples) 25°C - dry 99.9460 99.9994 0.1734

Av (4 samples) 37°C - dry 99.9661 99.9993 0.1783

DNA stabilization analysis using SNP genotyping arrays 
Dr Sarah Murray and her colleagues at the Scripps Genomic Institute conducted a genotyping 

analysis of four gDNA samples extracted from human blood.4 Aliquots of each sample were stored 

for 14 days in DNAstable either at room temperature or at 370C (accelerated aging), as well as in 

freezers at -200C (control). After rehydration of the samples, they were subjected to long range 

PCR analysis as well as SNP genotyping using the Illumina HumanHap610 beadchips.  

DNA quantitation and sample quality as determined by gel electrophoresis showed no visible 

degradation at RT or elevated temperatures when stored in DNAstable, as similarly observed for 

the control samples stored at -200C. Long range PCR (see Figure 8) and SNP genotyping analysis 

(Table 1) also support the finding that room temperature storage of DNA samples provided high 

quality protection of these samples. 

 

 

 

 

Figure 8: Aliquots of genomic DNA recovered from storage at (a) -20
0
C, (b) RT and (c) 37

0
C were used as 

templates in long-range PCR reactions. Amplicon size (bp) as noted. 

Table 1: Results of Illumina HumanHap610 Beadchip (590,622 SNPs) Genotyping Analysis.4 

 

 

 

 

 

 

 

 

 

 

 

                                                           
4
http://www.biomatrica.com/media/dnastable/Performance_of_DNAStable_with_the_Illumina_Human_610_BeadC

hip.pdf  

http://www.biomatrica.com/media/dnastable/Performance_of_DNAStable_with_the_Illumina_Human_610_BeadChip.pdf
http://www.biomatrica.com/media/dnastable/Performance_of_DNAStable_with_the_Illumina_Human_610_BeadChip.pdf
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Forensic DNA samples stored in DNAstable® 
Dr Cecilia Crouse of the West Palm Beach Crime Laboratory recently described5 a rigorous 

evaluation of stabilization studies conducted for forensic DNA samples stored in DNAstable® (with 

humidity control) versus samples frozen at -200C, at various concentrations (625pg to 1ng), at 

different time periods – 5 days, 7 days, 2 weeks, 1-month, 2 months, 3 months and 1 year. In all 

cases, they found that DNA samples stored at room temperature (DNAstable, SM) provided equal 

or better recovery and stabilization than those stored frozen (see examples in Figures 9 & 10). This 

work was recently published in the Forensic Science Review journal.6 

 

 

 

 

 

 

 

 

Figure-9: Graph shows the % recovery of DNA stored at room temperature on Biomatrica plates (    SM) 
compared to freezing at -20

0
C (      ) over time for mixture data. 

 

 

 

 

 

 

 

 

Figure-10: Plot showing # of alleles detected after DNA sample storage in Biomatrica plates (RT-HC) vs frozen 
at -20

0
C at different sample concentration levels. 

                                                           
5
 Cecelia A. Crouse, Ph. D., “Novel Methods for DNA Storage/Preservation”, Workshop #9 – Advances in Forensic 

DNA Analysis, 62
nd

 AAFS Annual Scientific Meeting, Seattle, WA, Feb 22, 2010. 
6
 Lee, S.B., Crouse, C.A., and Kline, M.C., Optimizing storage and handling of DNA extracts, Forensic Sci. Rev., 22(2): 

131-144, 2010. 
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Long-term storage of forensic DNA samples in DNAstable® 

Steve Guroff, Supervising Criminalist at the San Diego County Sheriff’s Department, extracted genomic 

DNA from 2 blood samples and stored these samples at room temperature in DNAstable as well as at -

200C (control) for 3.5 years. After storage, the samples were rehydrated (DNAstable-matrix) or 

freeze/thawed (cold stored) and analyzed by PCR. The results are displayed in Figure 11 below. 

 

 

Figure 11: PCR analysis of two DNA samples stored at room 

temperature (DNAstable) and at -20
0
C over 3.5 years (from Jan 

2006 to May 2009). DS = DNAstable; NTC = non template 

control; control = -20
0
C.   

 

 

 

 

 

In a similar long-term DNA stability study, Gregory Hadinoto, a Senior Criminalist at the Los Angeles County 
Sherriff’s Department, reported a 12-month and 45-month study of DNA extracts (mixtures) from blood, 
semen and buccal samples stored in DNAstable (RT) and cold freezer (-200C).7 As the data in Figure-12 
shows, storage at room temperature in DNAstable resulted in higher DNA recovery than in samples stored 
frozen at -200C. 

 

Figure 12: DNA recovery of extracts 
from three different samples – blood, 
semen and buccal cells - after 45 
months of storage at room 
temperature (Biomatrica’s DNAstable;

) versus storage at -20C ( ). 

 

 

 

                                                           
7
 “Evaluation of the Biomatrica SampleMatrix® Room Temperature DNA Storage System: 12-month and 45-month 

Data,” Gregory M. Hadinoto, Los Angeles County Sherriff’s Department Scientific Services Bureau, Los Angeles, CA. 
Poster #60, 21

st
 International Symposium on Human Identification, San Antonio, TX, Oct 11-14, 2010. 
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RNA STABILIZATION PRODUCT (RNASTABLE®) 

RNA leaf extracts 
In Professor Virginia Walbot’s lab (Stanford U), maize leaf RNA were extracted and stored both at 

room temperature (in RNAstable®), and in ultra low temperature (-800C) conditions for 8 weeks.8 

Analysis of tRNA quality was performed using Bioanalyzer for samples stored under both 

conditions (see Figure 13). The results clearly indicate that RNAstable is a good matrix to stabilize 

and store purified RNA samples with equal performance as cold-stored samples.  

 

Figure 13: Bioanalyzer evaluation of the quality of total RNA stored in RNAstable (room temperature) or 

in freezer (-80
0
C) shows no difference between both storage options. 

Total RNA and miRNA analysis 
Professor David Hirschberg’s lab (Columbia U9) evaluated the amount of total RNA recovered 

(ng/µL) and sample quality (RIN scores) of four RNA samples stored in RNAstable (room 

temperature) as well as in ultra low temperature (-800C) freezer. The results displayed in Figure 14 

show no difference in the measured metrics for samples stored under both conditions.  

 

Figure 14: Measured yield and sample 

quality of total RNA and miRNA in 

samples stored in RNAstable
®
 (room 

temperature;           ) and at -80
0
C (         ) 

 

 

                                                           
8
 Unpublished data. Reproduced with permission. 

9
 Research was conducted while at Stanford University. 
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RNA samples from skin tissue 
At the Kwok laboratory (UCSF), 3 RNA samples extracted from skin tissue were stored in 

RNAstable (at room temperature) as well as in an ultra low temperature freezer (at -80C) for 11 

days. The samples were recovered and analyzed for sample quality (RIN scores) and use in 

downstream experiments (PCR). The results (see Figure 15) conclude that RNA samples can be 

safely stored in RNAstable at room temperature without degradation, and used in downstream 

analysis such as PCR or expression profiling. 

 

 

 

 

   (a) 

 

) 

Figure 15: (a) RIN scores, and (b) qPCR results 

for RNA samples recovered after 11 days 

storage at room temperature (RNAstable
®
) and at -80

0
C (freezer).  (b) 

 

RNA preservation in colon cancer tissues measured by LCM 
Dr John Gillespie10 investigated the efficacy of RNA preservation in colon cancer tissues by 

comparing untreated slides and slides treated with RNAstable using the protocol described below 

(Figure 16). In the study, 8µ of frozen colon cancer tissue sections were cut onto charged slides 

stained with hematoxylin and eosin. After staining, slides were either treated with RNAstable (to 

preserve RNA in samples), RNase inhibitor, or untreated (no preservative), and stored at different 

intervals (t = 0, 48h and 7 days), at room temperature. The quality and quantity of the RNA 

extracted from these tissues were determined using the Bioanalyzer RIN scores and reverse 

transcription qPCR for actin-3’:M ratio (see Figure 17). 

The authors concluded that (a) tissue treatment with RNAstable or RNAse inhibitors did not 

impact micro-dissection, (b) there was no measurable difference in the quality of RNA between 

untreated and RNase treated samples over time as  RNase inhibitors did not improve RNA 

preservation in tissue, and (c) nucleic acid preservative-treated slides with RNAstable, retained 

excellent quality RNA up to 7 days and very good quality after 28 days versus untreated slides 

which showed poor quality after only 48 hrs. 

                                                           
10

 Formerly at the National Cancer Institute (NCI); data reproduced with permission. 
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Figure 16: Schematic workflow used to evaluate RNA stabilization in colon cancer tissue samples. 

 

 

Figure 17: Results of LCM analysis of RNA preservation in tissue by RNAstable (treated/stabilized) versus 

untreated (no preservative), based on RIN scores (    ) and actin-3’:M ratio (     ) measurements. 
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RNA Sequencing Analysis of viral RNA from Plasmodium Falciparum 
Dr Grant Hill-Cawthorne11 has employed next gen sequencing-based analysis (RNA-Seq) of viral 

RNA extracted from the malaria parasite – plasmodium falsiparum – that is untreated 

(unprotected) or treated (preserved) with RNAstable at room temperature.  The purified RNA 

extract was coated with RNAstable and shipped from the UK to Saudi Arabia with shipping 

temperatures varying as high as 450C. After rehydrating and analysis, results of the quality 

mapping (Figure 18) showed that for the RNAstable-preserved samples, RNA reverse transcribed 

into cDNA well enough and in long enough fragments (up to 90bps) for excellent library making 

and sequencing. It is also worth mentioning that there was no interference of the RNAstable 

matrix in the sequencing experiment. 

Figure 18: Quality mapping of transcription of RNA into cDNA (forward and reverse strand) measured by 

Illumina’s GAII sequencer. 

 

Stabilizing FPET RNA in cancer samples 
At Genomic Health, an evaluation of the stabilization of RNA extracted from two different cancer 

cell lines – breast and colon - was conducted over a 12-month period with RNAstable versus -20C 

storage.  The primary goal of the study was to evaluate the ability of RNAstable to preserve the 

gene expression profiles for FPET RNA over the course of 12 months. For the study, 5 different 

RNA samples were selected for storage at -20C and at room temperature (in RNAstable) – 

Stratagene’s UHR RNA (1), breast FPET RNA (2), and colon FPET RNA samples (2).12  

About 1µg of RNA samples was added to wells in a 96-well RNAstable plate and dried-down as per 

protocol and rehydrated at different time points: t=0, 1week, 3months, 6months and 12months. 

96 RT-qPCR assays were tested in quadruplicate at each time point on a Roche LightCycler 480. 

Gene expression values (Cp) were compared across each time point, and quality score values 

                                                           
11

 Pathogen Genomics Laboratory, King Abdullah University of Science and Technology, Thuwal Kingdom of Saudi 
Arabia,  
12

 Study performed at Genomic Health, 101 Galveston Dr., Redwood City, CA 94063.  
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assigned using proprietary scoring matrix at GH was used to assess the impact of RNAstable on 

stored RNA samples. Results of the study (Cp values) are shown in Figures 19 and 20, for colon and 

breast FPET RNA samples, respectively. 

 

Figure 19: Comparison of FPET RNA in colon samples stored frozen (-20C) and at room temperature (RNAstable) for 

12 months. 

 

Figure 20: Comparison of FPET RNA in breast samples stored frozen (-20C) and at room temperature (RNAstable) for 

12 months. 

In summary, the study found that RNAstable is able to preserve the gene expression profiles of qPCR 

assays in both intact RNA as well as FPET RNA for up to one year, and there was no discernible difference 

in performance against -20C stored/preserved RNA samples across all sample sources. 
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with PCRboost®without PCRboost®

PCRBOOST® 

Overview 
DNA and RNA samples are often exposed to conditions that lead to degradation or random 

fragmentation. Such samples are difficult to analyze with methods such as PCR amplification. 

Biomatrica developed the PCRboost® reagent for enhancing end-point and reverse transcription-

PCR performance by improving sensitivity and specificity during amplification of genomic DNA or 

RNA templates.13  PCRboost® dramatically enhance amplification of RNA and DNA samples (a) in 

trace level quantity, (b) degraded, (c) with low-copy number, or (d) contains inhibitors.   

PCR analysis of low level gDNA sample with & without PCRboost 
Some preliminary studies have been conducted to quantify the effect of PCRboost on challenging 

forensic samples (see, e.g., Figure 24).14  

 

 

 

 

 

 

 

 

 

 

Figure 24: Amplification of 1ng DNA with 20ng/µl of Humic acid with water (left) and with PCRboost® 

formulation (right).
9 

At Biomatrica, we have evaluated the ability of this reagent to positively enhance multiplex PCR 

reactions. In the example described below, PCR conditions were optimized to reduce the 

complexity arising from variation in annealing temperatures among the amplicons.  The image in 

Figure 25 shows that PCRboost increases specificity of multiplex PCR reactions across amplicons 

                                                           
13

 See: “PCRboost™: A novel PCR Amplification Enhancer” 
(http://www.biomatrica.com/media/pcrboost/PCRboost%20-%20App%20note%201.pdf) 
14

 Linda Le, et. al., “Recovering DNA profiles from low quality and low quantity forensic samples”, Poster at the 19th 
Int. Human ID meeting. Hollywood, LA. (2008).  

http://www.biomatrica.com/media/pcrboost/PCRboost%20-%20App%20note%201.pdf
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ranging in size from 238bp (Exon 13), 312bp (GAPDH), 500bp (β-actin), 642bp (Hsp 90) and 730bp 

(Hsp 90), compared to samples amplified without PCRboost.   

 

Figure 25: Gel images of a multiplex PCR 

reaction for amplicons ranging in size from 

238bp (Exon13) to 730bp (Hsp90). Lanes 

1,3,5,7 and 11 are samples without 

PCRboost®, and lanes 2, 4, 6, 8, 10 and 12 

are samples including PCRboost®. The 

reaction was performed with 50 ng of 

human genomic DNA (Novagen).   

BLOOD STABILIZATION PRODUCTS 

DNAstable® Blood - Overview 
Biomatrica’s DNAstable® Blood is a bio-stabilization technology specifically designed to protect 
DNA in whole blood and buffy coat from degradation due to storage at room temperature. The 
technology is based on anhydrobiosis, a biological mechanism employed by several organisms to 
enable their survival in a dry state for periods exceeding 100 years.15  

 
The DNAstable Blood stability matrix forms a thermo-stable barrier around every DNA molecule in 
the blood sample (50–200μl) as it dries, effectively "shrink-wrapping" the DNA molecules in a 
protective coating. Drying in tubes or well plates can be achieved in a laminar flow hood at room 
temperature, in a ventilated 40°C incubator, or using a SpeedVac. When stored dry at ambient 
temperatures, the DNA is protected and stabilized for transportation and long-term storage.  

 

DNAstable® Blood & Buffy Coat - Performance 
Human blood samples were stored unpurified for 14 months at room temperature (RT), under 

accelerated conditions (at 50oC), as well as in the freezer (at -20oC). After DNA extraction, the 

integrity and yield of the recovered DNA samples were compared for all storage conditions. Room 

temperature stored samples as well as samples stored at elevated temperatures were found to 

have no recovery loss when compared to the samples stored cold in the freezer. Based on gel 

analysis, the genomic DNA extracted from the stored blood samples demonstrated identical 

characteristic banding pattern expected of genomic DNA.  The study at 50oC, over 14 months 

(accelerated aging), demonstrates more than 8 years of stability provided by DNAstable Blood 

without sample degradation.16 

 

 

 

                                                           
15

 Crowe JH, Carpenter JF, Crowe LM. The Role of Vitrification in Anhydrobiosis. Annu Rev Physiol. 60:73; 1998 
16

 http://www1.qiagen.com/Products/QIAsafeDNABloodTubesand48-WellPlates.aspx#Tabs=t1  

http://www1.qiagen.com/Products/QIAsafeDNABloodTubesand48-WellPlates.aspx#Tabs=t1
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Figure 26: Gel images after 14 months of storage of human 

blood samples protected by DNAstable Blood (DSB) at room 

temperature (RT) or elevated temperatures (50
o
C). Negative 

control samples were stored non-protected (NP) under 

identical conditions, and a positive control at -20
o
C. The 

accelerated aging storage (at 50
o
C) equates to storage for 8 

years at RT.   

 

 

 

Stabilization of DNA in Buffy Coat. 
DNAstable® Blood (also referred to as QIAsafe DNA Blood, QSB17) was developed to stabilize DNA in 
whole blood or in buffy coat preparations. Buffy coat achieves on average a 9 to 10 fold higher 
concentration of white blood cells as whole blood and therefore an enrichment of genomic DNA. 
Biomatrica has optimized the stabilization of buffy coat in DNAstable® Blood for manual and 
automated storage. Up to 200 µl of buffy coat can be stored in single tubes or in 48-well tube 
plates for convenient air-drying. For automated operations we recommend 96-well tube-plates. 
For blood and buffy coat, the DNAstable® Blood matrix protects the DNA in the buffy coat against 
degradation through direct interaction of the stabilizer with the DNA. Current data demonstrate 
stable storage of blood DNA in the DNAstable Blood matrix for 9 months at 45°C. No degradation 
was observed even under accelerated conditions. 

 

 

 

  

 

 

 

 

 

A B   

Figure 27A and B: Buffy coat prep was dispensed in aliquots of 200 µl, protected by DNAstable Blood, air-

dried and stored at room temperature in a humidity controlled chamber (A) and under accelerated 

conditions (B) at room temperature versus control (-20
o
C). The dried buffy coat aliquots were rehydrated 

and extracted using column extraction (Qiagen) as per the manufacturers recommended protocol. 

 

Format Flexibility 
DNAstable® Blood is a liquid stabilizer that can be supplied either in liquid or in pre-dried form 
coating the bottom of storage tubes. The volume of buffy coat is flexible from 10 μl up to 200 μl 
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dependent on the tube format. This flexibility in combination with high sample stabilization and 
full sample recovery allows optimal workflow integration. 

 

Figure 28: 50 and 200 μl  of buffy coat was dried down, 
protected in DNAstable

®
 Blood by or unprotected (NP) and 

stored under accelerated conditions for 9 months. Heavy 
degradation was detected after purification of the DNA 
from the unprotected buffy coat sample. Both storage 
volumes (50µl and 200μl) demonstrated complete 
protection and DNA quality identical to freezer stored 
material. 

 

Examples for downstream applications 
DNAstable® Blood has been extensively tested by Qiagen for performance, product quality, 
longterm storage capacity and compatibility with downstream applications. Qiagen licensed 
DNAstable® Blood from Biomatrica and the product can be obtained as “QIAsafe DNA Blood” in flat 
bottom single tube and in 48 well-plate format.13 The results for many downstream tests have 
been kindly provided by Qiagen and some of the detailed information can be viewed on the 
Qiagen website (http://www.qiagen.com). 

Long-range PCR analysis of DNAstable Blood stabilized samples 
DNA protected using the DNAstable Blood matrix is suitable for use in any downstream 
application. A long-range PCR experiment of extracted DNA from whole blood samples was 

conducted for whole blood samples stored for 9 months at room temperature (25oC), elevated 

temperature (45oC) and at -20oC (control). The result as shown in Figure 29 below, confirm that 

room temperature stored blood samples yielded comparable PCR performance as control (-20oC) 
samples. 

 

Figure 29: Efficient PCR amplification of long fragments 

after 3 years of storage (accelerated aging). Whole blood 

sample (200µl) from the same donor were stored for 9 

months at -20
o
C or in DNAstable Blood Tubes at 25

o
C or 

45
o
C (equivalent to approximately 3 years of storage at 

room temperature*). After blood rehydration, genomic 

DNA was purified on the QIAcube using the QIAamp 

DNA Blood Mini Kit. DNA eluates (2µl) were then used in 

PCR of a 5kb DNA fragment of the human genome using 

the QIAGEN LongRange PCR Kit. The PCR products were 

visualized on a 0.8% agarose gel. M: QIAGEN GelPilot 

1kb Plus Ladder. (*Accelerated aging studies: A 

temperature increase of 10
o
C

 
corresponds to a two-fold 

increase in shelf life. For example, DNA stored at 40
o
C for 2 years corresponds to an estimated storage 

time of 8 years at 20
o
C).  

 

NP(45°C)-20°C 50μl 200 μl

DSB(45°C)

DSB

-20°C 25°C 45°C

Control

http://www.qiagen.com/
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Polymorphism Detection 
Polymorphism detection using melting curve analysis was conducted for DNAstable Blood stored 

samples for 9 months at room temperature versus samples stored frozen at -20oC for same length 
of time (see Figure 30 below).14 Both samples showed no significant difference in melting curve 
analysis and indicated a heterozygous variant. 

 
Figure 30: Reliable polymorphism 
detection using melting curve analysis 
after 9 months of storage. Human whole 
blood samples (200μl) were stored for 9 
months at –20°C or in DNAstable Blood 
Tubes at room temperature. After blood 
rehydration, genomic DNA was purified 
on the QIAcube using the QIAamp DNA 
Blood Mini Kit. DNA eluates (2μl) were 
then analyzed using the artus® MTHFR LC 
PCR Kit. 

 

 

HLA-A Typing Studies 
Whole blood samples (200µl) from 3 donors were stored for 9 months at -20oC or in DNAstable 

Blood Tubes at room temperature.14  After blood rehydration, genomic DNA was purified on the 

QIAcube using the QIAamp DNA Blood Mini Kit. Purified DNA was then analyzed by sequence-

specific priming (SSP; using a commercialized kit) or sequence-based typing (SBT; using the SBT 

excellerator® HLA-A Core Kit). 

 

 

 

 

 

Figure 31: (A) Example of gel image from SSP analysis of Donor 1 on the QIAxcel® Fast Analysis System. (B) 

HLA-A typing results from all 3 donors after analysis with Helmberg Score Software (SSP) and SBTengine® 

Software (SBT). (C) Comparable electropherograms from SBT analysis of samples stored in DNAstable Blood 

Tubes at room temperature and control samples stored at -20
o
C.  
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Viral DNA quantitation 
The presence of viral genomes can indicate the presence of a viral infection. In order to determine 

DNA stability viral DNA can be used as an indicator for even the lowest level of DNA degradation 

during storage. Blood was spiked with low level of viral DNA 1000 copies/ml and the spiked blood 

was stored at room temperature and at 45oC for 1 year.14 Even after one year of storage identical 

copy numbers of DNA were recovered as compared to the in-put amount. The spiked DNA could 

be completely recovered without loss, demonstrating the stabilization and recoverability at even 

the lowest DNA concentration.  

 

 

 

Figure 32: Plot showing linear yield of viral 

DNA extracted from whole blood stored at 

room temperature (RT) or elevated 

temperature (45
o
C), protected by DNAstable 

Blood. After blood rehydration, viral DNA was 

purified using the artus CMV RG PCR Kit (A), or 

the artus EBV RG PCR Kit (B) on the Rotor-

Gene Q.  

 

 

 

 

 

 

 

 

 

Conservation of methylation patterns 
With implications in cancer and heritable diseases, the study of epigenetic mechanisms is 
becoming increasingly important for cancer research, identification of biomarkers, predisposition 
factors, and potential drug targets. Especially highly accurate DNA methylation analysis is 
becoming an important tool of DNA analysis. It is important that epigenetic markers are not 
altered during storage of biological samples. Biomatrica and Qiagen have analyzed the DNA 
extracted from stored blood for epigenetic marker stability. Based on large scale analysis using 
PyroMark quantitative methylation technology the methylation pattern between freezer stored 
and DNAstable Blood stored samples are conserved. 



23 
Revised May 2011 

 
 
 
 

 

 

 

 

 

 

 

 

 

Figure 33: Human whole blood was stored for 15 months either frozen at -20
o
C or with QIAsafe matrix at 

25
o
C and 40

o
C (equivalent to approximately 5 years of storage at 20

o
C). After storage and rehydration DNA 

was isolated using QIAamp® DNA Blood Mini Kit. The isolated DNA was then bisulfate converted using the 

EpiTect Bisulfite Kit and subsequently sequenced using the PyroMark Q24 CpG LINE-1 Assay. 

The above studies demonstrate that extracted DNA from whole blood stored in DNAstable Blood 

can be used for sophisticated genome-wide microarray and sequencing analysis. The analysis of 

room temperature-stored DNA has been performed on diverse genomics platforms such as 

Affymetrix and Illumina, as well as for Whole Genome Amplification (WGA) studies.  

 

DNAgard® Blood - Overview 
Clinical Research studies often require blood sample collection at multiple geographic sites under 
a wide range of conditions. DNAgard Blood is designed for the immediate stabilization of DNA in 
blood with the convenience of room temperature processing and shipping. The aqueous storage 
reagent rapidly permeates cellular structures and membranes to stabilize and protect genomic 
DNA. The use of DNAgard Blood allows a streamlined workflow from blood collection in the field 
to sample processing in the laboratory. 
 
DNAgard Blood is a liquid formulation product for stabilizing DNA in whole blood at ambient room 
temperature. It is designed primarily as a shipping application for preserving DNA in whole blood 
from point of collection, during shipping or transportation and prior to DNA processing and 
analysis. Additionally, it offers a short-term storage option for several months at room 
temperature without any DNA degradation (see Figure 34). 
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Figure 34:  Gel images of downstream PCR analysis of DNA extracted from whole blood samples stored in 
DNAgard Blood (DGB, room temperature), in freezer (control, -20

0
C), or without protection (NP, room 

temperature). 

 
 

TISSUES AND CELLS STABILIZATION PRODUCTS 

DNAgard® Tissues & Cells - Overview 
Biomatrica’s DNAgard is a liquid bio-stabilization technology specifically designed to protect DNA 

in tissues and cells from degradation due to storage at room temperature. The technology is 

based on anhydrobiosis, a biological mechanism employed by several organisms to enable their 

survival in a dry state for periods exceeding 100 years. 

DNAgard® Tissues and Cells - Performance 
DNAgard Tissues & Cells has been extensively tested on a variety of tissue samples. DNA 

recovered from tissues and cells stored in liquid DNAgard Tissue at room temperature for 2 

months was not degraded and appears totally intact on an agarose gel (see Figure 35).  

 

Figure 35: DNAgard Tissue protects DNA in a variety of tissues and mammalian cells. Gel images showing 

genomic DNA isolated from a variety of rat tissues (25mg) or 293T cells (10
6
) stored for 70 and 84 days, 

respectively, in DNAgard (DG), water (non-protected; NP) or frozen at -80°C was analyzed on a 0.8% agarose 

gel. (M = 1kb ladder). 
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Figure 36: Genomic DNA from rat kidney is stable in DNAgard Tissue when stored 6 months at room 

temperature.  Rat kidney fragments were weighed (approx. 25mg each) and immediately submerged in 

DNAgard solution, water (NP) and stored at room temperature. Control samples were frozen and stored at -

80°C. After 70days, total DNA was recovered from the stored samples using a commercially available 

column purification technology. A: DNA integrity was analyzed on a 0.8% agarose gel by directly comparing 

the recovery from 1mg of kidney tissue. (M = 1kb ladder). B: DNA yield was determined by picogreen 

quantification assay. 

Examples for downstream applications 
To confirm the DNA quality from samples stored at room temperature, extracted DNA purified 

from these tissues samples have been subjected to long range PCR and real-time PCR assays 

(Figure 37). As shown on these figures the DNA is perfectly suitable for these applications. 

Long range PCR and real-time PCR 
 

 

 

 

 

 

 Figure 37: A: DNA stabilization and efficient real-time PCR from DNA recovered from samples stored in 

DNAgard and frozen controls.  Genomic DNA isolated from rat kidney tissue stored in duplicate for 71days 

in DNAgard, water (non-protected; NP) or frozen at -80°C was quantified using real-time PCR amplification 

of the β-actin gene. Real-time PCR traces demonstrate equal recovery of genomic DNA from DNAgard 

samples and frozen controls. B: DNA stabilization and efficient long-range PCR from DNA recovered from 

DNAgard samples and frozen controls. Rat kidney was harvested and weighed aliquots were submerged in 

500 µl of DNAgard Tissue or in a competitor’s solution and stored at 37°C. Control samples were frozen and 

stored at -80°C. After 49 days, total DNA was recovered from the stored samples using a commercially 

available column purification technology. Long-range PCR amplification of a 7270 bp amplicon was 

performed on DNA from 0.1mg of recovered tissue (M = 1 kb ladder; DG = DNAgard Tissue). 

A B 
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SNP Genotyping Analysis 
A recent study by a group of researchers at Illumina, Prionics and Biomatrica was conducted on 

storage and stabilization of DNA in three bovine ear punch samples at room temperature 

(DNAgard Tissue) or cold-stored at -800C.  Specifically, the study was designed to measure the 

effect of shipping and storage temperature, duration of storage and DNA extraction method on 

the ability to generate high quality genotypes from these bovine tissue samples. Genotyping 

results were obtained using three different SNP microarray chips from illumina - GoldenGate 

Bovine Net Merit Panel, Infinium BovineHD BeadChip, and the Infinium Bovine SNP50 DNA 

Analysis BeadChip. The results are shown in Table 6 below. 

 

Table 6: DNA isolated from bovine ear punches were stored and analyzed on Illumina’s genotyping 

platforms (Bovine SNP50, Bovine HD array and Bovine 3K arrays). 

 

The results show that quality of DNA recovered from samples stored frozen (at -80C) or stored in 

DNAgard Tissue (at ambient temperature) were similar based on the high genotype call rates 

(>99.5%) across all three samples regardless of the choice of DNA extraction method. This 

concludes that room temperature-based stabilization by DNAgard Tissue offers similar protection 

of DNA as cold-storage at ultra-low temperatures, with high quality SNP genotyping data. 

Sequencing 
After 2 months of storage, a portion of DNA was sequenced and no differences was observed in 

the DNA sequencing output between samples stored at -20°C and at room temperature in 

DNAgard Tissue (see Figure 38).  

Storage Time  2 Weeks 2 Months 

DNA Isolation Method  Phenol Column Phenol Column

Unprotected E

Bovine 3K 66.29 ± 7.44 37.44 ± 20.51 44.40 ± 20.00 56.41 ± 38.99

Bovine SNP50 95.65 ± 1.63 60.85 ± 6.27 69.47 ± 24.00 69.74 ± 25.87

Bovine HD 96.43 ± 2.27 68.64 ± 8.03 70.83 ± 21.44 75.37 ± 19.82

DNAgard G

Bovine 3K 99.17 ± 0.18 99.18 ± 0.02 99.06 ± 0.14 99.18 ± 0.10

Bovine SNP50 99.75 ± 0.04 99.53 ± 0.18 99.72 ± 0.03 99.75 ± 0.02

Bovine HD 99.72 ± 0.02 99.61 ± 0.20 99.73 ± 0.02 99.73 ± 0.01

-80°C control H

Bovine 3K 99.25 ± 0.02 99.24 ± 0.03 98.25 ± 1.54 99.23 ± 0.05

Bovine SNP50 99.74 ± 0.02 99.37 ± 0.40 97.49 ± 3.80 99.75 ± 0.01

Bovine HD 99.72 ± 0.01 99.26 ± 0.71 97.33 ± 4.15 99.73 ± 0.01
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Figure 38: Genomic DNA in tissue specimens is stabilized by DNAgard Tissue as demonstrated by 

sequencing.  Rat kidney fragments were weighed (~25mg each) and immediately submerged in DNAgard 

Tissue solution, water (NP) and stored at room temperature. To serve as a baseline comparison, DNA was 

extracted from three tissue fragments at the time of experimental set-up. Control samples were frozen and 

stored at -80°C. After 70days, total DNA was recovered from the stored samples using a commercially 

available column purification technology. A 296 bp portion of the rat β-actin gene was sequenced from DNA 

isolated at time zero and from specimens stored for 70days frozen or in DNAgard Tissue. The DNA sequence 

was identical in all three samples. Shown are corresponding, 80 nucleotide portions from the sequencing 

chromatograms of the time zero DNA and DNA from samples stored in DNAgard Tissue. 
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APPENDIX 

List of publications and application notes on Biomatrica technologies for stabilization of genomic DNA 
(DNAstable), total RNA (RNAstable), DNA in Blood (DNAstable Blood/QIAsafe DNA Blood), and in Tissues 
and Cell Cultures (DNAgard Tissue). 

Publications and Posters On DNAstable® and DNA stability 

 Lee, S.B., Clabaugh, K.C., Silva, B., Odigie, K.O., Fourney, R.M., Stevens, J., Carmody, G.R., Coble, M.D., 

Loreille, O., Scheible, M., Parsons, T.J., Pozder, A., Eisenberg, A.J., Budowle,B., Taha A., Miller, R.W. 

McGuckian, A.B., Conover-Sikorsky, J., Crouse, C.A. Assessing a novel room temperature DNA storage 

medium for forensic biological samples. 2011. Forensic Science International – Genetics. 

 Kramer, K. J., Myers, B. H., Harrah-Lea, H., Stanton, P. Comparison of room temperature forensic DNA 

extracts sample preservation methods, 2011. 63rd AAFS Meeting, Chicago, IL.  

 Lee SB, Crouse CA and Kline MC, Optimizing storage and handling of DNA extracts. Forensic Sci Rev. 

22(2): pp131-144, 2010 

 Frippiat, C., Zorbo, S., Leonard, D., Marcotte, A., Chaput, M., Aelbrecht, A., Noel, F. Evaluation of novel 

forensic DNA storage methodologies, 2010. Forensic Science International – Genetics.   

 Gregory M. Hadinoto, Los Angeles County Sherriff’s Department Scientific Services Bureau, Los 

Angeles, CA. Evaluation of the Biomatrica SampleMatrix® Room Temperature DNA Storage System: 12-

month and 45-month Data, 2010. Poster #60, 21st International Symposium on Human Identification, 

San Antonio, TX. 

 Eunice Wan, Matthew Akana, Jennifer Pons, Justin Chen, Stacy Musone, Pui-Yan Kwok, Wilson Liao., 

Green Technologies for Room Temperature Nucleic Acid Storage. Curr. Issues Mol. Biol. (2010) 12: 135-

142. 

 Cecelia A. Crouse, Ph. D., “Novel Methods for DNA Storage/Preservation”, Workshop #9 – Advances in 

Forensic DNA Analysis, 62nd AAFS Annual Scientific Meeting, Seattle, WA, Feb 22, 2010. 

 Bonnet J, Colotte M, Coudy D, Couallier V, Portier J, Morin B and Tuffet S, Chain and conformation 

stability of solid state DNA: implications for room temperature storage. Nucleic Acids Res pp1-16,Nov 

2009. 

 Thomas Doedt, QIAsafe™ DNA - An innovative Anhydrobiosis-based technology for long-term storage 

of DNA Proceedings of the workshop on Long-term storage of DNA Material, August 2009. 

 Bruce Budowle and Angela van Daal, Extracting evidence from forensic DNA analyses - Future 

molecular biology directions. BioTechniques Special Issue, Vol. 46, No. 5, April 2009, 339–350 

http://www.biotechniques.com/BiotechniquesJournal/specialissues/2009/April/Extracting-evidence-

from-forensic-DNA-analyses-future-molecular-biology-directions/biotechniques-

140701.html?autnID=187795 

http://www.biotechniques.com/BiotechniquesJournal/specialissues/2009/April/Extracting-evidence-from-forensic-DNA-analyses-future-molecular-biology-directions/biotechniques-140701.html?autnID=187795
http://www.biotechniques.com/BiotechniquesJournal/specialissues/2009/April/Extracting-evidence-from-forensic-DNA-analyses-future-molecular-biology-directions/biotechniques-140701.html?autnID=187795
http://www.biotechniques.com/BiotechniquesJournal/specialissues/2009/April/Extracting-evidence-from-forensic-DNA-analyses-future-molecular-biology-directions/biotechniques-140701.html?autnID=187795
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 Peggy Ho Faix and Althea Lee, How to improve recovery of DNA profiles, Evidence Technology 

Magazine, Vol 7 (#2), March-April 2009, pp. 28-31. 

 Ahmad, T, Miller, RW, McGuckian, AB, Conover-Sikorsky, J and Crouse, CA. Biomatrica DNA 

SampleMatrix®: A New Prospect for Forensic DNA Sample Storage. Poster Presentation at the 

American Academy of Forensic Science Meeting, Denver, CO. February 2009. 

 Steven B. Lee and Kathy Roberts, Saving your samples: Room temperature stabilization of DNA and 

RNA, Emerging technologies in Forensic Science, 2008, 1:  8-10. 

 Clabaugh, K, Silva, S, Odigie, K, Fourney, R, Stevens, J., Carmody, G, Coble, M., Loreille, O., Scheible, M, 

Kline, M, Parsons, T, Pozder, A, Eisenberg, A, Budowle, B and SB Lee, Storage of DNA samples at 

ambient temperature using DNA-SampleMatrix, Poster presented at the 18th Annual International 

Symposium on Human Identification meeting, Hollywood, CA. October, 2007. 

 Sigurdson AJ, Ha M, Cosentino M,Franklin T, Haque KA, Qi Y, Glaser C, Reid Y, Vaught JB and Bergen 

AW, Long-term storage and recovery of buccal cell DNA from treated cards. Cancer Epidemiol 

Biomarkers Prev.15: p385, 2006. 

 Dutton G, Thinking outside the icebox of DNA, The Scientist 19(14):p28, 2005. 

 Fowler JCS, Harding HWJ and Burgoyne L, A protocol using an alkali Blotting procedure for the analysis 

of restriction length fragments of human DNA. Advances in Forensic Haemogenetics 2: pp339-345, 

1988. 

 Shikama K, Effect of freezing and thawing on the stability of double helix of DNA. Nature, 207: p529, 

1965.  

 

DNAstable® Application Notes   

 DNAstable® protects genomic DNA from degradation under high pressure and extreme 

temperatures above 120°C 

 DNAstable® protects plasmid DNA stressed at high temperature 

 DNAstable® protects plasmid DNA from UV-C irradiation   

 DNAstable® preserves genomic DNA for long-term storage 

 DNAstable® preserves plasmid DNA for long-term storage   

 Long-term storage of oligonucleotides in DNAstable®   

 DNAstable® with the Nanogen® Genotyping System 

 Performance of DNAstable® with the Illumina® Human 610 BeadChip™ 
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Sustainable Solutions/Storage and Management 

 Clement, O., Muller, R. and Muller-Cohn, J. A Warmer Reception, European Pharmaceutical Contractor 

Magazine, Dec 2010. http://www.biomatrica.com/downloads/EPC_article_Dec2010.pdf 

 Clement O, Biological sample storage and management, Lab Manager Magazine: 2009, 26-29. 

 Jensen G, Fact Sheet: Room temperature storage saves energy, 2009,  

http://sustainable.stanford.edu/sites/sem.stanford.edu/files/documents/Stanford_room_temp_stora

ge_fact_sheet.pdf  

 Jensen, G., Room Temperature Biological Sample Storage; May 2009: 

http://sustainablestanford.stanford.edu/sites/sem.stanford.edu/files/documents/Stanford_Room_Te

mp_Pilot_May09.pdf 

 Application Note (April 2009): Increasing Sustainability on University Campuses 

 ”Trading Thin Air,” The Economist, published May 31, 2007: 
http://www.economist.com/specialreports/displaystory. cfm?story_id=9217960 
 

 Report of the European Conference on Funding Basic Research in the life sciences: exploring 

opportunities for European synergies, accessed13 December 2004, 

http://ec.europa.eu/research/health/genomics/funding/bru_aim_en.htm 

 Iyengar GV, Subramanian KS and Woittiez Joost RW, Elemental Analysis of Biological Samples: Principle 

and Practices, New York: CRC Press, 1997, p82.  

 

Biomimicry 

 Tiffany Meyers, Consider the Tardigrade, Hemispheres Magazine, United Airlines, Jan 2011 

http://www.hemispheresmagazine.com/2011/01/01/consider-the-tardigrade/  

 Megan Burke, Maureen Cavanaugh, Biomimicry Draws From The Natural World For Sustainable Design 

KPBS, September 21, 2010 http://www.kpbs.org/news/2010/sep/21/biomimicry-draws-natural-world-

design-sustainable-/.  

 Crowe JH, Carpenter JF and Crowe LM, The Role of Vitrification in Anhydrobiosis, Annu Rev Physiol., 

1998, 60: p73.  

 Crowe JH and Madin KA, Anhydrobiosis in tardigrades and nematodes, Amer (trans), Micros Soc., 

1974, 93: 513-524. 

  (a) Clegg JS, The origin of trehalose and its significance during the formation of encysted dormant 

embryos of Artemia salina, Comp Biochem Physiol., 1965, 14: 35-143. 

 (b) Clegg JS, Do dried cryptobiotes have a metabolism? Anhydrobiosis pp141-146, 1973 

 (c) Clegg JS, Residual water content of dried but viable cells, Experientia, 1978, 34: pp734-735. 
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http://www.biomatrica.com/media/sustainability/Case_Study_Increasing_Sustainability_on_University_Campuses.pdf
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RNAstable® and RNA stability 

 S. Ohgi, L. Coulon, R. Muller, J. Muller-Cohn and O. Clement, Stabilizing RNA at room temperature 

stabilization in RNAstable, Biotechniques, 2010, 48(6), 470.  

 Hernandez GE, Mondala TS and Head SR, Assessing a novel room temperature RNA storage medium 

for compatibility in microarray gene expression analysis, Biotechniques, 2009, 47(2): 667-670. 

 Ohgi, Sharron. Making RNA more durable at room temperature. Genetic Engineering and 

Biotechnology News, 2007, 27: (18). 

 

RNAstable® Application Notes   

 RNA Stabilization at Room Temperature in RNAstable® 

 Improved QPCR Analysis Following Storage in RNAstable®, by Rhada Gopal and Fernando P. 

Monroy. 

 Microarray Analysis of RNA in RNAstable®, Vince Funari, Ph. D., Cedars-Sinai Medical Center, Los 

Angeles, CA. 

 miRNA Stabilization in RNAstable® 

 Stabilization of poly(A) mRNA transcripts in RNAstable® 

 

PCRboost® and STRboost® Posters 

 Baker, B., Trogdon, C., Lee, S. Analysis of (N-4)bp STR Repeat Slippage on Low-quantity DNA Samples 

with PCR Boost, 2011. 63rd AAFS Meeting, Chicago, IL (2011).  

 Linda Le, Kimberly Clabaugh, Clarisa Trogdon, Andrew Chang, Marissa Meininger, Michael D. Coble, 

Odile Loreille, Melissa Scheibel, Rachel Demara, Sohela de Rozieres, Martin Latterich, Rolf Muller and 

Steven B. Lee. Recovering DNA profiles from low quantity and low quality forensic samples. A poster 

presentation at the 19th International Symposium on Human Identification meeting, Hollywood, CA, 

October 2008. 

 

PCRboost® and STRboost® Application Notes   

 PCRboost®: A Novel PCR Amplification Enhancer 

 STRboost: A Novel STR Amplification Enhancer 

 

DNAstable® Blood (also known as QIAsafe DNA Blood) 

 Thomas Doedt, Sohela de Rozieres, Rita Kist, Dirk Heckel and Rolf Muller. “QIAsafe DNA Blood: A New 

Technology for Ambient Temperature Storage”. Poster presentation at the ISBER 2010 Annual Meeting 

& Exhibit, Rotterdam, Netherlands. 
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DNAgard® Tissue and Cells 

 Eva Hřibová, Pavla Christelová, Jana Čížková, Jaroslav Dolezel, DNAgard Tissues & Cells preserves plant 

tissue at room temperature. 2011. 

 

 Steven Wilkinson, Billy Law, Scott Whitney, Laurent Coulon, Omo Clement, Lutfunnessa Shireen, 

Angela Stassinopoulos, Judy Muller-Cohn, and Rolf Muller, Innovative technology to stabilize DNA at 

room temperature in tissues and cells, Poster presentation at the Experimental Biology 2010 meeting, 

Anaheim, CA, April 21-24, 2010. 

 Steven P. Wilkinson, Angela Stassinopoulos, Lutfunnessa Shireen, Alex Berner, Miladin Kostovic, Fiona 

Black, Rob Cohen, Laurent Coulon, Minerva Contreras, Jason Downing, Andre Eggen, Kimberley 

Gietzen, Diane Lince, Marylinn Munson, Rolf Muller. Impact of collection, stabilization and isolation of 

bovine ear punches on high and low density genotyping arrays. A Poster presentation at the 32nd 

Conference of the International Society of Animal Genetics (ISAG), Edinburgh, Scotland, July 26-30, 

2010. 

 

DNAgard® Tissue and Cells Application Notes   

 Steven Wilkinson, Sohela de Rozieres, Rolf Muller and Laurent Coulon. Room temperature 

preservation of gDNA ǉǳŀƭƛǘȅ ƛƴ ǘƛǎǎǳŜ ǎǇŜŎƛƳŜƴǎ ŀƴŘ ŎǳƭǘǳǊŜ ŎŜƭƭǎ ǿƛǘƘ 5b!ƎŀǊŘϰ 

 

ORGANIZATIONS RECOMMENDING USE OF BIOMATRICA PRODUCTS 

Å Empire Genomics http://www.empiregenomics.com/main/resources/faq/167-prepare-rna-sample-

for-mailing  

Å The Scripps Research Institute 

http://www.functionalglycomics.org/static/consortium/resources/resourcecoree2.shtml  

Å Microarray Facility at The Hospital For Sick Kids  

http://www.tcag.ca/Microarray/09_10_RNAAnalysisRequestForm.pdf  

 Phalanx Biotech http://www.phalanxbiotech.com/Products/rnastable.html 

Å Array Star https://www.ewu.edu/groups/researchsymp/files/2009_symposium_program.pdf  

 

ADDITIONAL WEB LINKS REFERENCING BIOMATRICA’S TECHNOLOGY 

Å National Institute of Justice: http://www.cstl.nist.gov/strbase/NIJ/Biomatrica.htm, 

http://www.cstl.nist.gov/strbase/pub_pres/NIST_Update_SWGDAM_%20Jan2008.pdf  

http://www.empiregenomics.com/main/resources/faq/167-prepare-rna-sample-for-mailing
http://www.empiregenomics.com/main/resources/faq/167-prepare-rna-sample-for-mailing
http://www.scripps.edu/newsandviews/e_20040927/head.html
http://www.scripps.edu/newsandviews/e_20040927/head.html
http://www.scripps.edu/newsandviews/e_20040927/head.html
http://www.tcag.ca/Microarray/09_10_RNAAnalysisRequestForm.pdf
http://www.phalanxbiotech.com/Products/rnastable.html
https://www.ewu.edu/groups/researchsymp/files/2009_symposium_program.pdf
http://www.cstl.nist.gov/strbase/NIJ/Biomatrica.htm
http://www.cstl.nist.gov/strbase/pub_pres/NIST_Update_SWGDAM_%20Jan2008.pdf
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Å Stanford University: 

http://medfacilities.stanford.edu/sustainability/downloads/RoomTempStoragePilotResults.pdf  

Å Lab Manager Magazine: http://www.labmanager.com/articles.asp?ID=271  

Å Kevin Duerink Genealogy Page http://www.duerinck.com/archvdna.html  

Å Bitesize Bio http://bitesizebio.com/2008/04/10/5-products-that-could-make-your-lab-life-easier/  

Å RFID Monthly http://www.rfid-monthly.com/wp-content/uploads/2009/12/RFID-Monthly-December-

09.pdf  

Å UCSB: http://sustainability.ucsb.edu/conference/docs/2009Conference_Program.pdf 

http://sustainability.ucsb.edu/conference/presentations/energy_innovative%20technologies%20in%2

0labs_Susan%20Kulakowski%20and%20Jensen.pdf  

 

http://medfacilities.stanford.edu/sustainability/downloads/RoomTempStoragePilotResults.pdf
http://www.labmanager.com/articles.asp?ID=271
http://www.duerinck.com/archvdna.html
http://bitesizebio.com/2008/04/10/5-products-that-could-make-your-lab-life-easier/
http://www.rfid-monthly.com/wp-content/uploads/2009/12/RFID-Monthly-December-09.pdf
http://www.rfid-monthly.com/wp-content/uploads/2009/12/RFID-Monthly-December-09.pdf
http://sustainability.ucsb.edu/conference/docs/2009Conference_Program.pdf
http://sustainability.ucsb.edu/conference/presentations/energy_innovative%20technologies%20in%20labs_Susan%20Kulakowski%20and%20Jensen.pdf
http://sustainability.ucsb.edu/conference/presentations/energy_innovative%20technologies%20in%20labs_Susan%20Kulakowski%20and%20Jensen.pdf

