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Executive Summary

This is a summary of a representative sampling of scientific research studies conducted to
evaluate RNA and DNA samplasored at room temperatureersus storage dow (-20°C) and
ultra-low temperatures 80°C). The results conclude that leterm RNA and DNA storage and
AlUFroAtATFGARZ2Y G NR2Y GSYLISNI GdzZNB de®Ay 3 . A2YLF 0
DNAstableRDNAstable Blood (QSBNd DNAgard Tissysrovide no discernible difference in
sample quality, yield and downstreaamalysis based ogPCR, gene expression, &d
sequencing experimenighencompared with samples stored lw (-20°C) orultra-low
temperatures {80°C).Room temperature storage of bsamples offer a highly sustainable
biological research environment, with lowered energy costs, lowered greenhouse emissions,
reduced capital equipment costs, reduced sample shipping costsparehsed optimization of
research lab space when freezers are replaced with room temperature storage.

GENOMIMNA SABILIZATION PRODL(DNASTABI?E
GenomicDNA from blood samplés

Professor PUKwok(UCS)published research work conducted ganomic DM extracted from 8
blood samplestored at room temperature (DNAstable) as well as in cold freezeR0%E using
the workflow shown in Figure. 1

8 Whole Blood Samples

|

Extract DNA

|
' }

Biomatrica Storage at -20°C Freezer for 3 Weeks
Room Temp for 3 Weeks

Application Testing

Figurel: Experiment design workflow favaluatingdifferent DNAstorageoptions

'Wan, E., Akan, M., Pons, J., Chen, J., Musone, S., KWokl_.iao, WGreen Technologies for Room Temperature
Nuclein Acid Storag€urr Issues Mol. Biok009 2:12(3), 135.42.
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Gel separatin of gDNA recovered frorsamplesstored at room temperature (DNAstable) or low
temperature (20°C) indicate sirageat room temperature did notlegradesample qualitysee
Figure2). Confirmation of this finding was obtained from short and loagge PCRnalysis, as
well as DNA sequencing experimeassshown irFigure3 below.

* * * * * x.
7

b 8 9 1011 12 13 14 15 16 17

AL A A N A T .

Figure2: Gel analysis of DNA recovered from previously stored samples with DNAstable (room

temperature (‘ﬁ )) and cold freezing:{OOC).
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Figue 3: Results of downstream experiments on recovered Biwed at room temperature (DNAstable)
versus storage ap0’C (a)longrange PCR, (shortrange PCR, and (c) DNA sequenshmvingno base
mismatches between Rftored and colestored samples.
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DNAPRIMERS
¢CKA& &aiddRRe gl & O2yRdz00(SR A(GtanfodP)usSng a 2 NJ a A NA
DNAstable to stabilize and store DNA primers, prior to PCR analysis. The results (see
Figure4) were compared with DNA samples stored in freezers. The authors faund
difference in DNA quality/integrity when stored at room temperature with DNAstable
versus samples storage in cold temperature freezers.

Freezer DNAstable
100ng 10ng 1ng 100pg 100ng 10ng 1ng 100pg

Figured: Comparison of gel results of primers
stored in DNAstable (at room temperature) versus
cold storage (froze at-80°C) after 11 days

VIRALDNA
¢CKA& addzReé ¢l & LISNF2NYSR A(SanfodB)TsSng BNASLAbDE ONA | Y D
stabilize and store viral DNA samples at room temperature ovemarh period. Samples were
analyzed using gel electrophorgsind subsequently subjected to PCR analysis. The results (see
Figureb) show that DNAstable provided a versatile stabilization and storage medium for viral DNA
samples.

1 2 3 4

Lanel: HPV16 E6
Lane2: HPV16 E7
Lane3: HPV18 E6
Laned: HPV18 E7

Figureb: Gel electrophoresis output of HPV16 and HPV18 .
genomic DNA stored with D¥table at room temperature
(2 months).

100bp
marker

Z00sSPORBENA
Professor Cherie Briggs E40C Santa Barbara) is part of the Sierra Nevada Amphibious Research
Group (SNARL) engaged in the study of fungal diseases in the mountainlggthed froggRana
muscosa)>20,000 DNA samples have been collected and are currently stored in free28%Cat
An evaluation study was performed on storage of some of these samples at room temperature
and 56C using DNAstable, and results compared against unprotected sampleti as samples
stored in freezers a20°C (see Figur8). The study concluded that quantitative yields of zoospore
DNA samples stored with DNAstable were equivalent to or better than those stor2’ax

2 Unpublished dataReproduced with permission.
3 Unpublished data. Reproduced with permission.
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Figure6: Quantitative yields and PC&sults of zoospore DNA samples stored at room temperature afid 56
(DNAstable) versus samples stored20’C or unprotected samples at room temperature.

DNAEXTRACTED FRBRIOG SKISWABS
NA 3 3 Hp&forinédBCR@Malyss ofiluted and ilnted DNA extracts fronfrog

Mean Quantity Zoospore Equivalents

¢t KS

skinswabs stored ilDNAstablematrix (room temperature and 5%) versus those stordtbzenat
-20°C or unprotected at room temperatureThe results (see Figur® showed that samples
stored in DNAstable provided quantitaei\DNA yields with good PCR performatia issimilar
to samples storedrozenat -20°C.
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Figure7: Yield and PCR analysis results for (a) undiluted and (b) dgitsié\ extracted fronfrog skinsstored at
room temperature (wih DNAstable), unprotected and cestiored (freezer at20°C).

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 frorman blood? Aliquots of each sample were stored
for 14 days in DNAstable either at room temperature or &C3fccelerated aging), as well as in
freezers at20°C (control). After rehydration of the samples, they were subjected to long range
PCR analys&s well as SNP genotypinging the lllumina Humatap10beadchips.

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 a20°C. Long range PCR (see Figlir@n8 SNP genotyping analysis
(Table 1) also support the finding that room temperature storage of DNA samples provided high
quality protection of these samples.

10,989 bp 4,813 bp 11,031 bp 7,532 bp
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Figure 8:Aliquots of genmic DNA recovered from storage at (a)°C, (b) RT and (c) %7 were used as
templates in longange PCR reactions. Amplicon size (bp) as noted.

*http://www.biomatrica.com/media/dnastable/Performance of NDAStable with the lllumina Human 610 BeadC
hip.pdf
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Table 1:Results oflluminaHumarHaps10 Beadchip (590,622 SNPs) Genotyping Anélysis

Frozen-dry GT | Standard

concordance Deviation
Sample Condition Call Rate (%) (%) 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

Forensic DNAstorage in DNAstable®
Dr Cecilia Crouse of the West Palm Beach Crime Laboratory recently desarigedous
evaluationof stabilizationstudies forforensic5 b! & YLIX S& &aG2NBR dzaAaAy3d
(with humidity control) and frozen aR0°C,at various concentrations (625pg to 1ngjdifferent
time periodsg 5 days, 7 days, 2 weeksirionth, 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
recoveryand stabilizationthan those stored frozen (see exampir Figures 9 & 10).

W sm

Figure9: Graph shows the % recovery of DNA stoeedoom temperatureon Biomatrica plates il SM)
compared to freezingt -20°C (Il )over time for mixture data.

°/ SOStf AL 1 ® / NRdzaST tKd 505 ab20@St a$§AdzaRcas infraraisic b !
DNA Analysis, 62AAFS Annual Scientific Meeting, Seattle, WA, Feb 22, 2010.
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15 Biomatrica plates (RMC)vs frozen at-
\0\ 20°C at different sample concentration
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Long-Term DNA storage in DNAstable

Steve Guroff, a Supervising Criminalist at the San Diegyalzy 6 & { KSNATFQa 5SLI NI YSy(
DNA from 2 blood samples and stored these samples at room temperature in DNAstable as weld@s at
(control). After 3.5 years of storage, the samples were rehydrated (DNAsteilé) or freeze/thawed

(cod stored) andanalyzed by PCRheresults are displayeih Figure 1below.

-20°C DS DS

NTC ) )
100ng 20ng  20ng  Figure1ll: PCRanalysiof two DNA samples stored tom
temperature (DNAstab)eand at-20°C over 3.5 yeargrom Jan
2006 to May 2009)DS = DNAstable, NTC = non templatetras,

-20°C = control.
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RNASTABILIZATION PROOURNASTABLEE

RNA leaf extracts

In ProfessoWirginiaWalbotQ lab (Stanford U), maize leaf RNA were extracted and stored both at
room temperature(in RNAstabl®, and in ultra lowtemperature(-80°C) conditions for 8 week%
Analysis ofRNAqualitywas performed using Bioanalyzer for samples staneder both

conditions (see FigurE?). The results clearly indicate that RNAstable is a good matrix to stabilize
and store purified RNA sampledth equal performance as costored samples

RNAstable Freezer

(Fu]
20
UJ

T 1 1 T 1 T 1 T 7T
20 25 30 35 40 45 50 5 60

RNAstable

[%]

— T T T T T T T T 1
20 25 30 35 4 45 50 55 60 (%)

Freezer

Figurel2: Evaluating the quality (Bioanalyzer) of total RNA stored in RNAstable (room temperature) or
in freezer (80°C) shows no difference using both storage options.

Total RNA and miRNA analysis

Professor Dad Hirschber@ & (Golurbial’) evaluatedthe amount of total RNAecovered
(ng/uL) andsamplequality (RIN score®)f four RNAsamplesstored in RNAstablgéoom
temperature)as vell as in ultra low temperatur&80°C)freezer. The results displayed ingire 13
show no difference in the measured metrics for samples stored under both conditions.

Figurel3: Measured yield and

TRNA concentration

. 200 {ngtut)
sample qualityof total RNA and  _
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RNAstabl&(room temperature E // \\
(—) and at-80°C(— ). S am o o
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6 Unpublished d&a. Reproduced with permission.
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"Research was conducted while at Stanford University.
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RNA samples from skin tisstie
At the Kwok laboratoryUCSFE)3 RNA samples extracted from skin tissue were stored in
RNAstable (at room temperature) as well aairultra low temperature freezer (a80C) for 11
days. The samples were recoverediamalyzed for sample quality (RIN scores) and use in
downstream experiments (PCHhe results (see Figure Yldonclude that RNA samples can be
safely stored in RNAstable at room temperature without degradation, and used in downstream
analysis such as PGRexpression profiling.

@

(b)

Figure X: (a)RIN scoresand (b)
gPCR resultor RNA samples
recoveredafter 11 days storagat
room temperature (RNAstab%and
at-80°C (freezer).

PCRBOOST®

Overview
DNA and RNA samples are often@sgd to conditions that lead to degradation or random
fragmentation. Such samples are difficult to analyze with methods such as PCR amplification.
Biomatrica developed theCRboo®reagentfor enhancingend-point and reverse transcription
PCR performanday improving sensitivity and specificity during amplification of genomic DNA or
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