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Abstract

MicroRNAs are short RNAs which can be utilized as biomarkers for a variety of conditions.
They are detectable in serum, and changes in the levels of circulating microRNAs have been
associated with different diseases. We tested for the presence of microRNAs in serum that is
dried on paper and stored unrefrigerated instead of being kept frozen. MicroRNAs were
readily detectable in such blots, and their detectability was improved by using paper made of
cellulose instead of glass fiber, and by re-hydrating dried blots with Trizol™ instead of water,
phosphate-buffered saline, or guanidine hydrochlodirde before RNA extraction. MicroRNA
preservation was not diminished by drying of blots at 37, 45 or 60 °C instead of room
temperature or by storage of blots at 37, 45 or 60 °C instead of room temperature, but was
worse when blots were dried incompletely or exposed to high humidity during storage.
Preservation of microRNAs in serum was not adversely affected if instead of being kept
frozen at -80 °C it was stored as dried blots at room temperature or 37 °C for ten or eight and
a half months, respectively. In a group of ten individuals, microRNA quantifications of -80°C-
frozen or dried sera stored at room temperature correlated well. Dried blots may thus be a
convenient and safer way to save, transport, and store serum without refrigeration for
microRNA assays.
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Introduction

MicroRNAs are ultra-short RNA molecules with 19-23 nucleotides that affect the translation of
proteins from messenger RNAs to play important roles in normal and pathologic processes.
More than 850 microRNAs have been identified in humans as per the miRBase microRNA
registry [1]. Changes in expression levels of specific microRNAs in tissues have been
associated with a variety of diseases such as cancer [2] and diabetes [3], and physiological
conditions such as pregnancy [4] and muscle hypertrophy [5]. Recent studies have shown the
presence of microRNAs in human serum and plasma [6; 7]. This finding has the potential to
enhance the utility of microRNAs as biomarkers to diagnose, prognosticate, and monitor
disease status via non-invasive methods. Indeed, alterations in circulating microRNAs have
been observed in cancers such as those of the breast [8], colon [9], lung [10] and prostate [6],
as well as during drug-induced hepatic damage [11], myocardial injury [12], pregnancy [7;
13], and sepsis [14].

In vitro experiments using exogenous microRNAs have shown that naked RNA is
rapidly degraded by the strong ribonuclease activity present in serum and plasma [6; 15; 16].
It is thus likely that microRNAs released upon cellular lysis do not survive in the circulation.
Instead, microRNAs detected in the plasma are likely to be those within membrane-
enveloped, 50-100 nm-sized secretory microvesicles termed exosomes that are released by
cells into the extracellular space and that eventually enter the vascular compartment.
Exosomes also contain cellular proteins and messenger RNA transcripts, but lack DNA,
nuclear RNA such as small nucleolar RNAs, and ribosomal RNA [16; 17; 18].

Viral RNAs such as those of HIV-1 [19], hepatitis A [20] and hepatitis C [21] can be
detected in dried blood, plasma or serum spots after months of storage outside the
refrigerator. MicroRNAs too may be detectable in dried sera and plasma as, akin to viral
RNAs, they are protected from ribonucleases by encapsulation and, possibly, from chemical

2



hydrolysis by being in the macromolecule-rich interior of the exosome. In this study we tested
if microRNAs can be detected in dried serum blots, and examined factors influencing their
preservation. Comparisons were made with the detectability and stability of microRNAs in
frozen liquid sera.

Materials and Methods

Human serum samples

This study was approved by an institutional review board at the Roswell Park Cancer
Institute. Frozen sera from ten individuals were obtained from the institute's Data Bank and
BioRepository. Fresh serum from a healthy, young, male individual was prepared from
venous blood collected without any additive using a 22 G needle, clotted at 37 °C for 30-45
minutes in a polypropylene tube, and centrifuged twice for ten minutes at 1,500 g at room
temperature (RT®). Frozen sera were kept at -80 °C and were not thawed more than three
times.

Preparation and storage of dried serum spots

Approximately 0.8 mm-thick GB003 blotting paper made of pure cellulose (Whatman®,
Florham Park, NJ; www.whatman.com) was manually cut into 1x1 cm square pieces with a
sterile steel blade. Forty-five pl of serum was blotted per piece, and the serum spots were
dried on a clean, perforated, plastic surface for 1-2 hours under laminar airflow at RT (21 °C
to 24 °C) under ambient humidity. Dried serum spots were stored in tightly capped,
translucent, 2 ml or 15 ml polypropylene tubes in semi-darkness. Drying or storage at higher
temperatures was done in air ovens without any humidity control. For storage under 95%
humidity, a Steri-Cult™ cell culture incubator (Thermo®, Waltham, MA; www.thermo.com)
was used. Samples of every sample-type were processed at least in duplicate in each
experiment.

Extraction of RNA

RNA was extracted at the same time in an identical fashion from all samples being examined
in an experiment. Four-hundred pl Trizol™ (Invitrogen®, Carlsbad, CA; www.invitrogen.com)
was added to a 2 ml tube containing a 1x1 cm serum blot, and the tube was vortexed at 2000
rotations per minute at 4 °C for 30 minutes on a Finemixer™ SH2000 vortexer (FinePCR®,
Seoul, South Korea; www.finepcr.com). In some experiments, the tubes were kept at -80 °C
for up to a week before processing was resumed. Following further addition of 1.2 ml Trizol™
and then 0.24 ml chloroform, the tube was vortexed at RT for five minutes, and after another
2 minutes, centrifuged at 14,000 g at 4 °C for 15 minutes. The top, aqueous phase was
collected, mixed with an equal volume of ethanol, and processed on PureLink™ RNA spin-
columns (Invitrogen®) on a QlAvac™ 24 Plus apparatus (Qiagen®, Valencia, CA,;
www.giagen.com) as per manufacturers' suggested protocols. RNA was eluted from spin-
columns using 100 ul water, and stored at -80 °C. RNA from liquid serum was prepared
similarly but with vortexing for only 2 minutes after adding Trizol™.

* Cl, confidence interval; Cq, quantification cycle; RT, room temperature; RT-gPCR, reverse

transcription-quantitative polymerase chain reaction



RNA quantification using Ribogreen dye

Quantlt™ Ribogreen RNA reagent (Invitrogen®) was used to quantify nucleic acid in less
than 30 day-old RNA preparations in duplicate as per the method suggested by the
manufacturer. Briefly, yeast tRNA (Ambion®, Austin, TX; www.ambion.com) was used to
prepare standards of known concentration. RNA samples were diluted to 100 pl using 10 mM
tris hydrochloride with 1 mM ethylenediaminetetraacetic acid at pH 7.5, and mixed with 100 pl
of the same containing 2000x diluted Ribogreen. Fluorescence at 535 nm following excitation
at 485 nm was measured for 0.1 s on a Victor Wallac™ 1420 plate reader (Perkin EImer®,
Waltham, MA; www.perkinelmer.com).

Semi-quantification of microRNAs by reverse transcription (RT)-quantitative PCR (qPCR)
Levels of mature microRNAs miR-16, -21, and -223 were measured in less than ten day-old
RNA preparations using TagMan™ microRNA assays (Applied Blosystems Foster City, CA;
www.appliedbiosystems.com). RNA preparations from the same time-point and/or experlment
were assayed together. TagMan" microRNA reverse transcription kit (Applied Blosystems )
was used for reverse transcribing 9.9 ul RNA in 15 yl at 42 °C for 30 minutes using a
microRNA-specific oligonucleotide. MicroRNA-specific primers and 1.33 pl of RT reactions
were used in triplicate 40- or 42-cycle quantltatlve PCR reactions of 20 ul volume in a
7900HT thermocycler (Applied Biosystems®); the denaturation step at 95 °C was for 15
seconds, and the combined annealing and extension step at 60 °C was for a minute.
Fluorescence from the binding of microRNA-specific, carboxy-fluorescein dye-conjugated
probes to amplification products was measured during PCR, and SDS™ software (version
2.3; Applied Biosystems®) was used to identify quantification cycle (Cq) values as the average
of values from the triplicate PCR reactions. When an experiment was duplicated, all Cq
values obtained in the second experiment were identically adjusted by addition of a constant
such that the average C, values for the reference sample-types (frozen serum, or serum blot
dried and stored at RT) was the same in the two experiments.

Other

Statistical analyses and graphical plotting were done using Prism™ (version 5.0b; GraphPad
Software®, La Jolla, CA; www.graphpad.com) and Excel™ software (version 2008 for Mac;
Mlcrosoft® Redmond, WA; www.microsoft.com). All t and Mann Whitney U tests were two-
tailed tests. The t tests assumed equal variances as suggested by P values of 2 0.05in F
tests.

Results

Detection of microRNAs in dried serum spots

To test preservation of microRNAs in dried serum blots, 45 pl fresh serum was spotted per
1x1 cm piece of 0.8 mm-thick pure cellulose paper (mean weight, 32 mg; range, 29-36;
standard deviation, 3; 2.2% moisture-content as measured by analytical weighing before and
after drying at 60 °C for three hours) and dried at RT (21 °C to 24 °C) under laminar air-flow.
Weighing of the blots showed that complete drying was achieved within an hour. The dried
serum spots were stored at RT in tightly-capped polypropylene tubes for 30 hours before
blots were re-hydrated for 30 minutes at 4 °C. RNA was then extracted from the blots using
Trizol™ reagent for semi-quantification of miR-16, a microRNA known to be abundant in



serum [15], by RT-gPCR. As shown in figure 1, the microRNA could be detected in RNA
extracted from the dried blots, whereas no RT-qPCR signal was detected from blank blots
that were not spotted with serum (data not shown).

The microRNA yield, as assessed by miR-16 RT-qPCR, was highest when Trizol™,
which inactivates ribonucleases, was used for re-hydration; water, phosphate-buffered saline,
water and Trizol™ together at a 1:1 volumetric ratio, and 6 M guanidine hydrochloride, a
chaotropic salt that can inhibit ribonucleases [22], all resulted in reduced yields as indicated
by average increases of 1.5, 1.1, 0.4 and 1.3, respectively, in the C, values (figure 1). The
reduction was statistically significant in t tests in the cases of phosphate-buffered saline,
water and guanidine hydrochloride (P values of 0.0006, 0.01 and 0.0009, respectively). P
values in the non-parametric Mann Whitney U tests were 0.03 in the three comparisons. RNA
yield was similar when the duration of the Trizol™-using re-hydration step was reduced from
30 to five minutes (supplementary figure 1).

Effect of temperature, type of paper, and humidity

To test the effect of higher temperatures, blotted serum spots were also dried at 37, 45 or 60
°C but in the absence of a laminar air-flow. Weight measurements of the blots showed that
complete drying was achieved in all cases within an hour. The dried blots were stored at RT
for three days. MicroRNA yield from the blots was assessed indirectly by miR-16 RT-qPCR.
As shown in figure 2A, drying at 37 or 45 °C did not reduce microRNA yield compared to
drying at RT (P values of 0.07 and 0.34, respectively). Corresponding U test P values were
0.11 and 0.34, respectively. MicroRNA yield was improved when blots were dried at 60 °C
instead of RT (t and U test P values of 0.0002 and 0.03, respectively).

When blots dried at RT were stored at 37, 45 or 60 °C instead of RT for three days,
there was an average decrease of 0.9, 0.3 and -0.1, respectively, in the Cq values (figure 2A).
Thus, storage at 37, 45 or 60 °C did not reduce the preservation of microRNAs when
compared to storage at RT (t and U test P values of 0.03, 0.11 and 0.79, and 0.11, 0.20 and
0.89, respectively).

Unlike on cellulose paper, dried serum spots prepared on glass fiber paper
(Whatman® GF/F) by drying at RT, and stored at RT had poorer preservation of microRNAs
as indicated by an average decrease of 1.1 in the C, value (t and U test P values of 0.005
and 0.03, respectively; figure 2B).

To test the effect of humidity on the stability of microRNAs, blots were dried
incompletely at RT without a laminar air-flow, and stored at RT, and compared with blots
dried similarly but under laminar air-flow and stored at RT for 30 hours. In the absence of
laminar air-flow, drying was less than 50% complete. Similarly, completely dried blots
prepared at RT were stored either air-tight or exposed to 95% humidity at 37 °C for 30 hours.
As shown in figure 2C, miR-16 RT-gPCR assays suggested that incomplete drying reduced
the yield of RNA from the blots, though the average difference in Cq value of 1.6 was not
considered statistically significant (t and U test P values of 0.07 and 0.03, respectively). Also
as shown in figure 2C, miR-16 RT-qPCR assays suggested that exposure to 95% humidity
reduced the yield of RNA from the blots, though the average difference in Cq values of 0.6
was not found to be statistically significant (t and U test P values of 0.21 and 0.69,
respectively).

Comparison of microRNA preservation in dried blots with that in frozen sera



To compare the preservation of microRNAs in dried serum blots to that in liquid serum stored
frozen at -80 °C, blots were prepared at RT and stored at -80 °C, RT or 37 °C for 7, 14, 21 or
28 days. Concurrently, aliquots of the same serum sample were stored frozen at -80 °C for
the same durations. RNA yields at the various time-points were assessed by both miR-16
RT-gPCR and Ribogreen dye-based RNA quantification assays. As shown in figure 3A, miR-
16 RT-gPCR C, values among the different sample-types were similar for all of the four time-
points. Because the RNA preparations and assays were performed separately at each time-
point, a cross-time-point comparison could not be made. However, comparisons of the
average C, value observed for each sample-type at the four time-points along the time-series
using paired t tests showed that the performance of blots over time was not different from that
of frozen liquid (P values of 0.65, 0.69 and 0.12, respectively, for blots stored at -80 °C, RT
and 37 °C). P values in the non-parametric Wilcoxon matched-pairs signed rank tests were
0.63, 0.63 and 0.13, respectively. A similar result was obtained in a separate but identical
time-series experiment (supplementary figure 2).

Paired t tests of Ribogreen dye-based nucleic acid measurements of the RNA
preparations with time as the variable also suggested that the performance of dried serum
blots over time was not different from that of frozen liquid serum (figure 3B). P values were
0.78, 0.74 and 0.11, respectively, for blots stored at -80 °C, RT and 37 °C. P values in the
non-parametric Wilcoxon matched-pairs signed rank tests were 0.88, 0.88 and 0.25,
respectively. The somewhat higher RNA yield for all sample-types at the 28 day time-point
(figure 3B) may be because of the shorter duration for which the RNA preparations from that
time-point were stored before the assay. As has been shown, the high variability of
measurements among duplicate samples in the Ribogreen assay likely reflect the low analyte
concentrations in the RNA preparations [23].

Even after five months of storage, microRNA yield from dried serum blots kept at RT
was not reduced compared to that from -80 °C-frozen liquid serum (figure 3C; t and U test P
values of 0.10 and 0.06, respectively). After ten months of storage, in a separate experiment,
microRNA yield from dried serum blots kept at RT too was not reduced compared to that from
-80 °C-frozen liquid serum (figure 3D; t and U test P values of 0.41 and 0.66, respectively). In
another experiment, after 8.5 months of storage, microRNA yield from dried serum blots kept
at RT or 37 °C was not reduced compared to that from -80 °C-frozen liquid serum (figure 3E; t
test P values of 0.05 and 0.01, respectively). Similar equivalence between frozen and dried
sera was also observed when blots were stored at 45 °C for a week (supplementary figure 3).

To rule out an effect of the blot paper on the extractability of RNA, blank blots were
added to some tubes of liquid serum immediately before RNA extraction. No significant effect
of the cellulose paper-piece on RNA yield was seen (supplementary figure 4).

Correlation in microRNA measurements of liquid and dried sera

To assess equivalent detectability of inter-individual variations in microRNA levels using
frozen and dried sera, dried 45 ul serum-spots were prepared in duplicate at RT from sera
from ten individuals and stored at RT for 18 days. RNA was then extracted from the blots as
well as from 45 pl liquid sera stored frozen at -80 °C, and levels of two microRNAs, miR-21
and miR-223, both known to be present in human serum [15], were quantified by RT-gPCR
(figure 4). For miR-21, the Pearson correlation coefficient for the determined Cq values was
0.82 with 95% confidence interval (Cl) of 0.39-0.96 between dried and liquid sera with a P
value of 0.0037 in t test. For miR-223, the coefficient was 0.89 (95% CI = 0.60-0.97; P =



0.0005). For comparison, the correlation coefficient for the duplicate sets of dried sera, for
miR-223, and of the liquid sera, for miR-21, were 0.83 (95% CI = 0.42-0.96; P = 0.003) and
0.85 (95% CI = 0.47-0.96; P = 0.002), respectively. Thus, a good correlation in microRNA
yields from frozen and dried sera was observed.

Discussion

With microRNAs emerging as biomarkers for diverse diseases, the ability to detect them in
dried serum or plasma spots can facilitate the development and use of microRNA-based
assays by simplifying sample storage and transportation. Dried serum and plasma spots
have been used to assay many different analytes, like ferritin [24], anti-rubella antibodies [25],
and cholesterol [26], but the suitability of such blots for analyzing microRNAs is unknown.
The stability of RNAs is temperature-sensitive, often requiring storage of RNA or RNA-
containing specimens in a frozen state. Also, the presence of high amounts of ribonucleases
in serum seems to suggest that RNAs are unlikely to survive in serum dried and stored at
non-freezing temperatures. However, RNAs of viruses such as hepatitis C [21] and HIV-1 [19]
in sera of infected individuals have been successfully detected in dried serum or plasma
spots stored at RT. Because circulating microRNAs are believed to be encapsulated within
membrane-bound exosomes [27], like viral RNAs are within viruses, the possibility of
detecting them in dried serum blots was explored in this study.

We found that microRNAs can indeed be detected in dried serum spots prepared on
cellulose paper (figures 1-4). Trizol™ was found to be better than water or buffered saline for
re-hydrating the blots for RNA isolation (figure 1). It is possible that exosomes undergo
structural damage during desiccation thereby exposing the microRNAs within to
ribonucleases during any re-hydration before RNA is extracted, and the effectiveness of
Trizol™ could therefore be because of its ribonuclease-inhibiting activity. Compared to
cellulose, glass fiber was not as good a matrix at preserving the RNA in dried serum (figure
2B). Thus, it is possible for the blot matrix to affect exosomal integrity as serum dries on it.

The preservation of microRNAs seems to be as good in dried serum spots as in liquid
sera stored frozen at -80 °C even after storage of the blots at 45 °C for a week, at 37 °C for
8.5 months, or at RT for ten months (figure 3, and supplementary figures 2-3). Further, a high
correlation was observed between measurements of specific microRNAs in RNA prepared
from liquid and dried serum samples from ten individuals (figure 4). The observation that
drying at 37, 45 or 60 °C when compared to RT, or storage for 3 days at 37, 45 or 60 °C
when compared to RT, does not reduce RNA yield from the spots (figure 2A) suggests that
microRNAs in dried serum spots may remain preserved in spite of the high temperatures that
are prevalent in certain geographical regions, or those which the spots may get exposed to
during transportation. As has been shown for viral RNAs [28], incomplete drying or exposure
to high humidity suggested decreased microRNA preservation in the spots, though, with
sample-sizes of four, the decrease was found not to be statistically significant (figure 2C). It is
of interest that drying or storage at higher temperatures seems to lead to a better
preservation of RNA in the blots (figures 2A and 3). This possibly could be because of the
reduced ribonuclease action resulting from a faster evaporation of moisture from the blots. It
should be noted that in this study humidity was not specifically controlled, e.g., through the
use of desiccants, and it is possible that even better microRNA preservation may be achieved
through the use of desiccants to ensure complete dryness during storage.



Using material like SampleTanker [29], it may be feasible to handle volumes of serum
larger than the 45 ul used in the experiments in this study for drying and storage for
microRNA assays at a later time-point. Dried blots may also be usable for profiling
microRNAs in other body fluids such as saliva [30; 31] and urine [32]. Though long-term
preservation of microRNAs beyond a few months was not tested in this exploratory study,
microRNAs may remain detectable in dried blots for even decades as has been shown for
mMRNAs in dried blood spots [33]. It is also possible that non-microRNA RNA such as mRNAs
that are present in exosomes might be similarly preserved. Because exosomes are
generated as vesicles within a cell, microRNAs might also be detectable in dried cellular
material. Such findings can have implications for the fields of forensic science and
archaeobiology.

This exploratory study shows the feasibility of using dried serum spots for
quantification of microRNAs and suggests that blotting and drying as paper spots can be a
convenient and less hazardous way to save, transport, and store biological fluids for such
purpose. Considering the small sample-sizes in many of the experiments described here,
larger studies are needed to identify subtle effects, deleterious or otherwise, of environmental
conditions and time on the preservation of the microRNAs in the blots.
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Figure Legends

Figure 1

Effect of re-hydrating reagents on the recovery of microRNAs from dried serum blots.
MicroRNA miR-16 was semi-quantified in RNA prepared from 30 hour-old dried serum spots
prepared and stored at room temperature that were re-hydrated using indicated reagents
(PBS, phosphate buffered saline; GnHCI, 6 M guanidine hydrochloride). Mean and standard
error of mean of RT-gPCR C, values for quadruplicate samples are shown.

Figure 2

Effect of temperature, type of paper, and humidity on the preservation of microRNAs in dried
serum blots. MicroRNA miR-16 was semi-quantified in RNA prepared from (A) three day-old
dried serum spots prepared and stored at indicated temperatures (degree Celsius; RT, room
temperature); (B) 30 hour-old dried serum spots prepared on glass fiber or cellulose; and, (C)
30 hour-old dried serum spots dried completely (+) or not (=) at room temperature, and stored
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at room temperature or 37 °C in presence (+) or absence (—) of an atmosphere of 95%
humidity. Mean and standard error of mean of RT-qPCR C, values for quadruplicate samples
are shown.

Figure 3

Equivalence of microRNA preservation in frozen and dried serum over time. A. MicroRNA
miR-16 was semi-quantified in RNA prepared from serum that was kept frozen at -80 °C or
dried at room temperature for storage at indicated temperatures for 7, 14, 21 or 28 days.
Samples from the same time-point were processed for RT-gPCR together but separately
from those from other time-points. B. RNA yields as suggested by Ribogreen dye-based
quantification of RNA in the serum samples. C and D. Like A, but after storage for five and
ten months, respectively, with blots stored at room temperature. E. Like A, but after storage
for 8.5 months. For D and E, miR-21 quantifications are shown. Mean and range of RT-gPCR
C, values (A, C) or RNA yields (B) for duplicate (A, B, and the first and third groups in E) or
quadruplicate (C, D, and the second and fourth groups in E) samples are shown.

Figure 4

Correlation of microRNA measurements in frozen and dried sera. MicroRNAs miR-21 (A) or
miR-223 (B) were semi-quantified in RNA prepared from sera from ten individuals that were
kept frozen at -80 °C, or dried and stored for 18 days at room temperature. Mean and range
of RT-gPCR C, values for duplicate samples, and best-fitting linear regression lines are
shown.
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Figure 3
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Figure 4
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SUPPLEMENTARY DATA

Figure Legends

Supplementary figure 1

Effect of the duration of the Trizol™-based re-hydration step on the recovery of microRNAs
from dried serum blots. MicroRNA miR-16 was semi-quantified in RNA prepared from
identical dried serum blots with a Trizol™-using re-hydration step of either five or 30 minutes.
Mean and range of RT-qgPCR C, values for duplicate samples are shown. The t test P value
was 0.34.

Supplementary figure 2

Equivalence of microRNA preservation in frozen and dried serum over time in a second time-
series experiment. MicroRNA miR-16 was semi-quantified in RNA prepared from serum that
was kept frozen at -80 °C or dried at room temperature for storage at indicated temperatures
for 7, 14, 21 or 28 days in a second time-series experiment. Samples from the same time-
point were processed for RT-qPCR together but separately from those from other time-points.
Mean and range of RT-gPCR C, values for duplicate samples are shown. Comparisons of the
average C, value observed for each sample-type at the four time-points along the time-series
using paired t tests showed that the performance of blots over time was not different from that
of frozen liquid serum (P values of 0.69, 0.43 and 0.48, respectively, for blots stored at -80
°C, room temperature, and 37 °C). P values in non-parametric Wilcoxon matched-pairs
signed rank tests were 0.88, 0.63 and 0.38, respectively.

Supplementary figure 3

MicroRNA miR-16 was semi-quantified in RNA prepared from week-old sera either stored
frozen at -80 °C or as dried spots prepared at room temperature and stored at 45 °C. Mean
and range of RT-qPCR C, values for duplicate samples are shown. The t test P value was
0.10.

Supplementary figure 4

Effect of cellulose blot paper on the extractability of microRNAs from liquid sera. MicroRNA
miR-16 was semi-quantified in RNA prepared from equal volumes of liquid sera in presence
(+) or absence (—) of a blank piece of 1 cm x 1 cm blot paper. The paper piece was added to
sera in a micro-centrifuge tube just before RNA was extracted. Mean and range of RT-qPCR
Cq values for duplicate samples are shown. The t test P value was 0.30.
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Supplementary figure 1
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Supplementary figure 2
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Supplementary figure 3
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Supplementary figure 4
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