
A challenge for many transciptome analysis projects is the ability to extract RNA amounts sufficient 
to prepare RNA-Seq libraries using standard methods (e.g. Illumina® TruSeq™  Stranded mRNA 
kit).  Such protocols require >100 ng of total RNA as input template with the standard amount being 
1-2 ug.  These amounts are difficult to obtain in experiments involving only a few cells such as mi-
crodisection, cell isolation techniques, stem cells, etc.  

Clontech SMARTer® template-switching technology provides a method for amplifications of small 
amounts of total RNA which can then be used in construction of RNA-Seq libraries.  The technolo-
gy produces full-length cDNA of the mRNA which becomes the input for library construction.  The 
DNA Core Facility provide here the in-house evaluation of the SMARTer® Ultra™ Low RNA Kit 
for use in offering as a core service.  

Overview 

Three total RNA Arabidopsis samples were provided for comparison by 
Dr. David Mendoza-Cozatl, Plant Sciences, University of Missouri.  The 
DNA Core Facility confirmed RNA integrity by Fragment Analyzer to 
ensure minimal degradation (Figure 1).  Total RNA was then prepared for 
library construction using the standard Illumina method.  Serial dilution 
of the total RNA was performed to final amounts of 10 ng, 1 ng, and 100 
pg for template input to the Clontech SMARTer® method.  Preparation of 
TruSeq™ and SMARTer® libraries followed manufacturers recommenda-
tions.  Sequencing was performed on a HiSeq 2500 generating between 9-45 
million reads per sample with a single read, 100 base read run.   Fastq files 
were generated and reads demultiplexed using RTA v1.17.21.3  and CASA-
VA 1.8.2 (Table 1).  Reads were mapped by the Informatic Research Core Facility to the reference genome Arabidop-
sis_thaliana.TAIR10.21 with BWA after the removal of rRNA reads.  Mapped reads were summarized for gene features with total counts 
reported using the program featureCounts.  
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Figure 1. Electropherogram of total RNA 

The Avanced Analytical Fragment Analyzer was used to evaluate 
the RNA integrity.  Total RNA with integrity values >7.0 were 
used to construct RNA-Seq libraries.  

Table 1. HiSeq run metrics 

Samples were pooled in a single pool (12-plex) and loaded across 2 lanes of a HiSeq 1x100 base run.  Metrics were    
generated with RTA v1.17.21.3 and CASAVA v1.8.2.   
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Sequence Analysis of Low RNA Input Libraries 

The SMARTer® Ultra™ Low RNA method involves first-strand synthesis mediated with an oligo(dT) primer following bead based en-
richment for mRNA.  SMARTScribe™ Reverse Transcriptase extends for the full length of the transcript and adds a few additional nu-
cleotides which serve as a priming site for the transciptase to initiate replication of the second strand.  Amplification of the full length 
cDNA transcripts are carried out in preparation for library construction.  The use of full-length transcripts as template for library con-
struction is expected to generate libraries with 5’-3’ coverage for all transcripts with the majority of the reads mapping to the intragenic 
regions (within introns or exons).   Therefore, libraries were analyzed with RNA-SeQC v1.1.7 (1) to measure the library metrics for com-
parison of Clontech SMARTer® libraries with the Illumina® TruSeq™ method. 
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Table 2. Mapping rates of PF 
reads 

All of the above rates are per mapped 
read. Intragenic Rate refers to the 
fraction of reads that map within 
genes (within introns or exons). Exo-
nic Rate is the fraction mapping 
within exons. Intronic Rate is the 
fraction mapping within introns. In-
tergenic Rate is the fraction map-
ping in the genomic space between 
genes. 

Figure 2. Mean coverage comparison of transcript length with var-
ied amounts of Input RNA 

Shown are the overlaid plots comparing average mean base coverage 
across the full transcript length for low, medium, and highly expressed 
transcripts for 2 ug (TruSeq™), 10 ng, 1 ng, and 100 pg of total RNA.  
The x-axis is the transcript length normalized to 100% with 0 representing 
the 5’ end and 100 is the 3’ end.  Values are restricted to 1000 expressed 
transcripts within each expression group. 5' and 3' values are per-base 
coverage averaged across transcripts. 



The overall mapping rate of reads to the reference genome was >0.993 for 
all samples (Table 2).  The comparison of Clontech library mapping rates 
of PF reads was consistent with the rates identified with TruSeq™ libraries.  
The intragenic rate was >0.99 across all  libraries and total RNA input 
amounts.  Rates remained very low (<0.009) for reads mapping to genomic 
space between genes. 

The TruSeq™ 5’-3’ coverage when plotted for low, medium, and highly 
expressed transcripts illustrated the anticipated even coverage across the 
entire transcript length with slightly elevated coverage at the 3’ end.  The 
per base coverage average for the low, medium and highly expressed tran-
scripts was <10, 17-50 , and 700-3000, respectively.  Clontech libraries 
have a higher portion of reads mapping to the center of the transcript with 
fewer reads represented at the ends.  This read distribution may be a func-
tion of the Covaris shearing method used to fragment the full length 
cDNA transcripts. 

Studies have documented that low  RNA input amounts will result in fewer 
genes detected; these genes typically being low expressed genes.  A com-
parison was performed with sample A to quantify the number of tran-
scripts identified between methods and RNA input amounts (Figure 3).    
A total of 22,687 unique transcripts were identified for sample A using the 
TruSeq method.  As expected, the total RNA input amount of 1ng identi-
fied significantly fewer transcripts (4,562 lacking a single read).  The 10ng 
input amount was near similar to the TruSeq™ method with only 132 tran-
scripts not represented.  

Reproducibility of the Clontech SMARTer® method, especially in comparison to results previously obtained by researchers with the 
TruSeq™ method, was of importance to the DNA Core in determining.  Read counts were normalized across libraries to allow for com-
parison.  For direct comparison of the same transcripts, all transcripts with no reads were removed from the TruSeq™ dataset.  Corre-
sponding transcripts from the Clontech SMARTer® library, with normalized read counts, were then matched to the TruSeq™ dataset to 
compare the reproducibility of the low input libraries.  Scatter plots were generated to compare read counts for each sample between 
methods and RNA input amounts (Figure 4).  The results demonstrate a high correlation of transcript levels between the TruSeq™ meth-
od and the Clontech SMARTer® method at 10 and 1 ng.   The 100 pg input amount, however, shows much more variability that may be 
improved upon with protocol optimization such as increased PCR cycles when amplifying the full length cDNA.   
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Figure 3. Venn Diagram Comparing Detected Tran-
scripts Between Methods for Sample A. 

Sample A TruSeq transcripts were sorted to remove all 
transcirpts with no reads detected.  The transcript list was 
then used to compare transcripts detected with Clonetech 
libraries.   

Figure 4. Reproducibility of read counts compared between Illumina® TruSeq™ and SMARTer® Ultra™ Low RNA Kit  

Scatter plots compare the reproducibility of transcript read counts of the SMARTer® method with low RNA input to that of the standard TruSeq™ 
method.  Sample C read counts were normalized to counts per million across all libraries.  The normalized read counts were consistently reproduced 
with the 10 ng and 1 ng RNA inputs (Panels A and B).  When the RNA input was lowered to 100 pg the reproducibility decreased significantly (Panel 
C).    

A B C A 



Summary 

The SMARTer® Ultra™ Low RNA kit provides a reproducible method for the amplification of mRNA from sub-nanogram RNA 
input amounts that is suitable for the production of Illumina sequencing libraries.  Libraries constructed from the full-length cDNA 
transcripts are shown to produce sequences that map at rates consistent with the TruSeq™ method which use total RNA starting 
amounts of 1-2 ug.  The analysis of the intragenic mapping rate (exon + intron coverage) has shown to be equivalent to the 
TruSeq™ method.  The SMARTer® method also provides reproducibility in total transcripts detected down to 1 ng of total RNA 
as demonstrated with a high correlation in normalized read counts.  In addition, the 5’-3’ coverage demonstrates the effectiveness 
of the SMARTScribe™ Reverse Transcriptase to produce full-length transcipts from picogram amounts of RNA.  These results are 
consistent with previous studies comparing commercially available kits (2). 

 In summary, the SMARTer® Ultra™ Low RNA kit provides a robust method for preparation of Illumina sequencing libraries 
from nanogram amounts of total RNA that yield reproducible RNA-seq data.  
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