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Executive Summary
This is a summary of a representative sampling of scientific research studies conducted to
evaliate RNA and DNA sampls®red at room temperatureersus storage dow (-20°C) and
ultra-low temperatures 80°C). The results conclude thangterm RNA and DNA storage and
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DNAstableGDNAstable Blood (QSBNhd DNAgard Tissyovide no discernible difference in
sample quality, yield and downstreaamalysis based ogPCR, gene expression, &
sequencing experimenighencompared with samples stored lw (-20°C) orultra-low
temperatures {80°C).

The list belav captures some of thiesting data for several products described in this document.

Summaryof products and testing timelines

Downstream analyses
Sample Products Sample Type Longest testing timeline tested
gDNA, plasmids, 1) gDNA: 26 months @ 60degC ~ 30 years @ R
Purified DNA[DNAstable oligos, lambdas 2) gDNA: 3.5 years @ Room Temperature Genotyping arrays, PCH
PCR, gPCR, Bioanalyz
tRNA, mRNA, siRNA|1) tRNA: 29 months @ 50degC ~ 18 years@ RT|gels, gene expression
Purified RNA[RNAstable miRNA 2) tRNA: 29 months @ Room Temperature (AFFX & ILMN)
QlAsafe DNA BloodWhole blood 1) Blood DNA: 14 months @ 50degC ~ 8 years |gPCR, methylation,
DNA in Blood DNAstable Blood |Buffy coat 2) Blood DNA: 14 months at Room Temperatur{sequencing, genotyping
DNAin Tissues from kidney,|1) Kidney: 6 months @ Room Temperature
Tissues & lungs, spleen, brain, |2) Lung, tail, spleen, liver & brain: 70days @ R]
Cells DNAgard Tissue |[liver, tail & 293T cellg3) 293T-cells: 84 days @ RT PCR, sequencing
1) DH5*: 6 months @ 50degC ~ 3.5 years @ R|Transformations,
Bacteria CloneStable DHo-h 2) DH6-h : 20months @Room Temperature transfections

Room temperature storage of beamples offer a highly sustainable biological research
environment, with lowered energy costs, lowered greenhouse emissions, reduced capital
equipment costs, reduced sample shipping cpatal increased optimization of research lab space
when freezers are replaced with room temperature storage.
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GENOMI®NA FABILIZATION PRODUDNASTABLE

GenomicDNA from blood samplés

Research work in the laboratory Bfofessor Pukwok(UCSJconductedon genomic DNA
extracted from 8 blood samplestored at room temperature (DNAstable) as well as in cold
freezers at20°C using the workflow shown in Figurevas recently published

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.

Gel separation oDNA 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 PCR analysis, as
well as DNA sequencing experimeassshown irFigure3 below.

* * * * * *
7
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Figure2: Gel analysis of DNA recovered from
previously stored samples with DNAstalieom

temperature (‘r}\f )) and cold freezingZ(OOC).

'Wan, E., Akan, M., Pons, J., Chen, J., Muscone, S., KoK, iBo, WGreen Technologs for Room Temperature
Nuclec Acid StorageCurr. Issues Mol. Biol2010Q 2:12(3), 135142.
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Figure3: Results of downstream experiments on recovered Bideted at room temperature (DNAstable)
versus storage apd’C (a)longrange PCR, (shortrange PCR, and (c) DNA sequenshmvingno base
mismatches between Rftored and colestored samples.

DNAPRIMERS
CKA& &aiddRRe gl & O2yRdzO0(SR A(FanfodP)usSng a 2 NJ a A NA
DNAstable to stabilize and store DNA primers, prior to &@R/sis. The results (see
Figured) 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.

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

Figure4: Comparison of gel results of primexts
different sample sizestored in DNAstable (at
room temperature) versus cold storage (frozen at
-80°C) after 11 days

2 Unpublished data. Reproduced with permission.
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VIRALDNA
CKA& aiddzRée 61 & LISNF2NYSR A(FtantodB)TsSng BNASIEGa A NA | Y D
stabilize and store viral DNA samples at room temperature ovemarh period. Samples were
analyzed using gel electrophoresis and subsequently subjected to PCR analysis. The results (see
Figureb) show that DNAstable provided a versatile staltiiraand storage medium for viral DNA
samples.

Lanel: HPV16 E6
Lane2: HPV16 E7
Lane3: HPV18 E6
Lane4d: HPV18 E7

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

100bp
marker

Z00SPORBENA
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 mountainlggted 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 samples as well as samples
stored in freezers a20°C (see Figur8). The study concluded & quantitative yields of zoospore
DNA samples stored with DNAstable were equivalent to or better than those storgeat
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Figure6: Quantitative yields and PCR results of zoospore DNA samples stored at room temperaturéGnd 56
(DNAstableyersus samples stored €20°C or unprotected samples at room temperature.

3 Unpublished data. Reproduced with permission.
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DNAEXTRACTED FRBRIOG SKISWABS
¢ KS . N& 33 p&formedBCR@Malyss ofliluted and undiluBNA extracts fronfrog
skinswabs stored ilDNAstablematrix (room temperatire and 56C) versus those stordtbzenat
-20°C or unprotected at room temperatureThe results (see Figur®@ showed that samples
stored in DNAstable provided quantitative DNA yields with good PCR perforitietégsimilar
to samples storedrozenat -20°C.
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Figure7: Yield and PCR analysis results for (a) undiluted and (b) dgitsé\ extracted frorfrog skinsstored at
room temperature (with DNAstable), unprotected and cetdred (freezer at20°C).
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DNA stabilizatioranalysis 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 bfdditjuots of each sample were stored
for 14 days in DNAstable either at room temperature or aC3faccelerated aging), as well as in
freezers at20°C (control). After rehydration of the samples, they were subjected to long range
PCR analysis as well&lNP genotypingsing 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 controlsamples 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
guality protection of these samples.

10,989 bp 4,813 bp 11,031 bp 7,532 bp

o o

-
FRENS RS-

Figure 8:Aliquots of genomic DNA reeered from storage at (a)ZOOC, (b) RT and (c)%:’were used as
templates in longange PCR reactions. Amplicon size (bp) as noted.

Table 1:Results oflluminaHumarHaps10 Beadchip (590,622 SNPs) Genotyping AnAlysis

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

*http://www.biomatrica.com/media/dnastable/Performance _of DNAStable with the Illumina Human 610 BeadC

hip.pdf
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Forensic DNAamplesstored inDNAstable®
Dr Cecilia Crouse of the West Palm Beach Crime Laboratory recently desarigedous
evaluationof stabilizationstudiesconductedfor forensicDNA samples storeid DNAstable® (with
humidity control)versus sampleBozen at-20°C, at various concentrations (625pg to 1ng), a
different time periods; 5 days, 7 days, 2 weeksjrionth, 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 recoveryandstabilizationthan those stored frozen (see examgpie Figures9 & 10). This
work was recently published in the Forensic Science Review jdurnal.

o sm

Figure9: Graph shows the % recovery of DNA stoetdoom temperatureon Biomatrica plates i SM)
compared to freezingt —20°C(. Jover time for mixture data.

30

25 :777> 7&””7 i

20

; AN
. AN

5 \7
RFHC

-20°C

1ng 0.5ng 0.25ng 0.125ng 0.0625ng

Figure10: Plot showing # of alleles detected after DNA sample storage in Biomatrica plateEC§Rfrozen
at -20°Cat different sample concentration levels

°/ SOSt AL 1 ® [/ NRdzaSS t K® 505 adb2@St a$jAdeaRcasinfrarisic b! { G2 N
DNA Analysis, 62AAFS Annual Scientific Meeting, Seattle, WA, Feb 22, 2010.

®Lee, S.B., Crouse, C.A., and Kline, M.C., Optimizing storage and handling of DNAFreasis,Sci. Re22(2):

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

Steve Guroff{ dzZLJISNIPA aAy3d [/ NAYAYFfA&d +d GKS {ly 5AS32 [/ 2c
DNA from 2 blood samples and stored these samples at room temperature in DNAstable as well as at

20°C ¢ontrol) for 3.5 yearsAfter storage, the samples were rehydrated (DNAstaiéerix) or

freeze/thawed (cold stored) anahalyzed by PCHRheresults are displayenh Figure 1Dbelow.

-20°C DS DS
100ng NTC 20ng 20ng

Figurell: PCRanalysisf two DNA samples stored edom
temperature (DNAstableand at-20°C over 3.5 yeargrom Jan
2006 to May 2009)DS = DNAstable; NTC = non template
control; control =-20°C.

In a similar longerm DNA stability study, Gregory Hadinoto, a Senior Criminalist at the Los AGgelety

{ KSNNRA FTQa 5SLJ MibnthSayididBmomtSstuidydIIDNR extractemintures)from blood,
semen and buccal samples stored in DNAstable (RT) and cold fr@@&){ As the data in Figur2
shows, storage at room temperature BNAstable resulted in higher DNA recovery than in samples stored
frozen at-20°C.

Conventional Freezer Storage (-20 °C) versus Room Temperature SampleMatrix Storage
45 Months

T T— Figure 12: DNA recoveryof extracts

from three different sampleg blood,

semen and buccal cells after 45

months of storage at room

» i tempS N} G dzNB 6. A2YIl G§NR OF Q
) versus storage aR0C {:‘).

120

0-20°C 45 Months

100 T

NA (ng)

60 H H

40 n n

20 H H H

Semen Buccal Bloodstain

499Gt tddt A2y 2F GKS . A2YFGNROF { I YLX $a-ndnthkid#5menth2 Y ¢ S Y LIS

5FdFZ¢ DNBI2NE ad | FRAy2(G23 [2&a !y3StSa /2dzyie { KSNNX T
Poster #60, 2% International Symposim on Human Identification, San Antonio, TX, Oe1412010.
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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 FigurE3). The results clearly indicate that RNAstable is a good matrix to stabilize
and store purified RNA sampledth equd performance as coldtored samples

RNAstable Freezer

20 25 30 35 40 45 50 55 60 =1
RNAstable
FU)
QJ T T T T T T T T T 1
20 25 30 35 40 45 30 55 60 [v]
Freezer

Figurel3: Bioanalyzer evaluation of the quality total RNA stored in RNAstable (room temperature) or
in freezer (80°C) shows no differendeetweenboth storage options.

Total RNA and miRNA analysis
Professor Davitlirschber@ & (Golurbial®) evaluatedthe amount of total RNAecovered
(ng/uL) andsamplequality (RIN score®)f four RNAsamplesstored in RNAstabl@oom
temperature)as vell as in ultra low temperatur&80°C)freezer. The results displayed in Figuré
show no difference in the measured metrics for samples stored under both conditions.

TRNA concentration Percentage of miRNA in Figurel4: Measured yield and sample

2 ———(nglup——— small RNA (%) : ; i
i © quality of total RNA and miRNA in
2 a
2 /\ Z w0 i
g w / ~_ — 1m T~ . samples stored nRNAstabI@(zoom
FRT ~ R0 ¢ 10 —rr temperature —— ) and at-80°C( )

’ Ad45 B483 C489 D430 E ’ Ad45 B488 C489 D430
TRNA integrity (RIN) Concentration of miRNA

10 2500 —fpgfuﬂi

[} _ 2000 —
z 8 2 os00
H F-80

: i m AN

: E o \\\\_ —RT

Add5 B488 C489 D430 a

Adds B488 C489 D490

8 Unpublished data. Reproduced with permission.
° Research was conducted while at Stanford University.
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RNA samples from skin tissue
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 sames$ were recovered and analyzed for sample quality (RIN scores) and use in
downstream experiments (PCHhe results (see Figur&)lconclude 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.

@

Figure B: (a) RIN scoresand (b) qPCR results
for RNA samples recovereadter 11 days
storageat room temperature (RNAstabQ?)eand at-80°C (freezer). (b)

RNA PRESERVATIONCIBLON CANCERSSUES MEASURED.EGM

Dr John Gillespt@investigated theefficacy of RNA preservationdolon cancetissues by

comparing untreated slides and slides treated WRNAstable using the protocol described below
(Figure 16). In the study, 8u of frozen aolmancer 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 gPCRforactm QYa NI GA2 6a4SS CAIdzZNBE mMTO D

The authors concludetthat (a) tissue treatment with RNAstable or RNAse inhibitors did not
impact micredissection, (b) theravas nomeasurabldifference in the qualitpf RNA between
untreated and RBse treated samples over tings RNase inhibitors did not improve RNA
presewation in tissue, and (ejucleic acid preservativeeated slides with RNAstable, retained
excellent quality RNA up to 7 days and very good quality after 28 dayssuntreated slides
whichshowed poor quality afteonly 48 hrs

10 Formerly at the National Cancer Institute (NCI); data reproduced with permission.
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