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LETTER

REPLY TO VERWILT ET AL.:

Experimental evidence against DNA contamination
in SILVER-seq
Zixu Zhoua,1, Qiuyang Wua,1, Zhangming Yanb,c,1, Haizi Zhenga, Chien-Ju Chenb, Yuan Liua, Zhijie Qib,
Riccardo Calandrellib, Zhen Chend, Shu Chienb,c,2, H. Irene Sue,f,2, and Sheng Zhonga,b,c,2



To evaluate any possible DNA contamination in Small
Input Liquid Volume Extracellular RNA Sequencing
(SILVER-seq), we carried out three types of tests. First,
we tested the effectiveness of SILVER-seq’s DNase
treatment step. Without DNase treatment, five of the five
tested serum samples exhibited detectable cell-free DNA
(cfDNA; Fig. 1A). After SILVER-seq’s DNase treatment
step, none of the serum samples exhibited any detectable
cfDNA (Fig. 1A), suggesting that SILVER-seq’s DNase
treatment step thoroughly digested cfDNA in human
serum samples.

Second, we tested whether SILVER-seq’s DNase
treatment step can still thoroughly digest cfDNA with
initial cfDNA concentrations higher than those of our
serum samples. To this end, we retrieved cfDNA from
large volumes of human sera and titrated the retrieved
cfDNA into different concentrations (Fig. 1B). After
SILVER-seq’s DNase treatment step, none of the titers
exhibited detectable cfDNA (Fig. 1B). These data sug-
gest that SILVER-seq’s DNase treatment step can thor-
oughly digest the cfDNA at concentrations higher
than those of our tested human sera.

Third, we tested whether serum cfDNA can enter
SILVER-seq’s sequencing library. To this end, we skip-
ped the complementary DNA synthesis (cDNA syn)
step while keeping every other step in the SILVER-
seq protocol. We split a human serum sample into
six aliquots. Two aliquots were subjected to the entire
SILVER-seq procedure (HL-DNase: +, cDNA syn: +;
Fig. 1C). The concentrations and the size distributions
of the two final SILVER-seq sequencing libraries were
consistent with those in the published SILVER-seq li-
braries (1). In contrast, the two aliquots with only the
cDNA synthesis step skipped (and all other SILVER-

seq steps remaining) did not yield any detectable
product in the sequencing library (HL-DNase: +,
cDNA syn: −; Fig. 1C). These data suggest that, unless
RNA was converted to cDNA, there would be no DNA
content in SILVER-seq’s sequencing library. The last
two aliquots were subjected to the SILVER-seq proto-
col with the DNase step skipped. The resulting se-
quencing libraries exhibited larger peak sizes than
those generated by the intact SILVER-seq protocol
(HL-DNase: −, cDNA syn: +; Fig. 1C), confirming the
size differences between circulating extracellular RNA
(exRNA) and cfDNA.

We reasoned that a good exRNA measurement
technique may be able to reveal a correlation be-
tween tissue-specific gene expression and the abun-
dance of circulating exRNAs of these tissue-specific
genes. Indeed, the brain expression levels of brain-
specific genes correlated with the frequencies of
detecting these genes in blood plasma by SILVER-
seq. (2). Furthermore, expression changes of transpo-
sons in the brain correlated with exRNA changes of
these transposons in blood plasma (2). It would be
valuable to see whether the correlation found with
SILVER-seq can be reproduced by other exRNA se-
quencing methods (3).

The prevalence of intergenic transcripts, dubbed
“dark matter RNA,” was a major discovery of the pilot
phase of the Encyclopedia of DNA Elements (ENCODE)
project (4–8). Degradation and export of these intergenic
transcripts are mediated by RNA exosomes [these are
not exosome vehicles (9, 10)], and antibodies of RNA
exosomes can be detected in patient sera (11). There-
fore, the dark matter RNA in the extracellular space can
be an exciting research frontier.
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Fig. 1. DNA contamination tests. (A) Concentrations of cfDNA in five human serum samples (IDs: hS01 to hS05, columns) before and after
SILVER-seq’s DNase treatment step. Each serum sample (column) was split into two 7-μL aliquots which were subjected to no treatment
(Upper) or DNase treatment (Lower). ND, not detectable. The detection limit of Qubit’s high-sensitivity kit is 0.5 pg/μL. (B) Measured
concentrations of cfDNA titers (columns) before (Upper) and after (Lower) SILVER-seq’s DNase treatment step. The detection limit of
Qubit’s high-sensitivity kit is 0.5 pg/μL. (C ) Size distributions of six sequencing libraries from six aliquots of the same serum sample (aliquot
ID: 1 to 6), with two aliquots (1 and 2) following the intact SILVER-seq protocol (HL-DNase: +, cDNA syn: +), two aliquots (4 and 5) following
the complete protocol except the cDNA syn step (HL-DNase: +, cDNA syn: −), and two aliquots (5 and 6) following the complete protocol
except the DNA digestion step (HL-DNase: −, cDNA syn: +). The concentrations of the sequencing libraries (fourth column) were reported
by Qubit’s high-sensitivity kit. The size distributions (fifth column) were reported by Fragment Analyzer. RFU, relative fluorescence unit;
LM, lower marker; UM, upper marker.
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