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RNA-Seq (Quantification) Wlth Low Input RNA Amount (100 ng)

1. Abstract

The biggest challenge in applying RNA-Seq was obtaining the . . . . . .
required amount of input total RNA of at least 1 pg. To Table 1 Detailed experimental design of 100 ng input RNA library construction 4.2 Technical Reproducibility Analysis

overcome this obstacle, BGI has optimized the procedures to

K YIS . : Batch of library construction Lane of sequencing Sample

enable RNA _Seq (Quantification) W"‘_h |°V‘_’ input BNA amount ol T T PRI As illustrated in MA plot © (Fig.1) below, the values of median and IQR indicate high
(100 ng), which would not compromise high-quality results. Batch 1 reproducibility between technical replicates, different samples in different lanes and
To test the performance of this new methodology, we Lane 2 UHRR (A3) | HBRR (B2) HBRR (B3) i,

evaluated the quality and accuracy ?f the da.ta, bV. conT(’jwuctmg Batcha Lane 3 UHRR (A4) | UHRR(AS) | HBRR (B4) We further used spearman’s correlation R to evaluate the correlation of technical replicates.
alc;)fmpar?hvi RNA-Seq analy:ls udsmg Illlimma I;hSeq. h2000 Lane 4 UHRR (A6) HBRR (BS5) HBRR (B6) Log transformed values are used to calculate differential expression ratios. Fig.2 below
jllifenin il itive (INOLC WIATRGE @i (R salimplies widh 4 (i shows RNA-Seq (Quantification) technical replicates of 100 ng total RNA with high
and 100 ng input RNA amounts. Results demonstrated high correlation R values ranging from 0.9294 to 0.9656.

technical reproducibility, high correlation between gene 3.2 Bioinformatics Analysis
expression analysis from 100 ng and 1 ug sample input, and

h;gnher::er:icf)rdaS;:ﬁtZ?\\ge:gR '(thFe>C:)NA-Seq dia gl ok 10 M sequencing reads were generated for each duplicate and mapped to RefSeq (version a’ 100 ng batch1: A2 vs. A1 b’ 100 ng batch1: A3 \(s. Al
ger v a aren)- ) ) updated June 16, 2011). RPKM method was employed to normalize the gene expression, and Median: 0.00707 : Median: 0.00862
This breakthrough enables the use of low input samples in . . . ~ IQR: 0.276 ~ IQR: 0.321
. A then the gene expression values were used to evaluate the technical reproducibility of the 5 3 =
many relevant research fields, such as stem cell studies, . X R < 3
leoarcheol volutionary biol forensics and cancer RNA-Seq (Quantification) and the correlation of 100 ng vs. 1 ug input total RNA. Furthermore, ; - H
o
paleoarcheology, evolutionary blology, orensics and cancer. the result of gene expression was validated by qPCR (Gene Expression Omnibus). S H
Note: *UHRR: Universal Human Reference RNA :_‘: 1 2
<
*HBRR: Human Brain Reference RNA 4. Results H £
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4.1 Statistics of Detected Genes g H
2. Introduction N
After mapping of all reads to the reference RefSeq, for duplicates Al to A6 and B1 to B6, an 2 ° 2 4 ¢ 2 o z ‘ e
RNA-Seq (Quantification) is a powerful Next Generation average of 80.22% and 78.86% of the total reference could be detected by RNA-Seq meenllog2 RPK(ATA2)) mean(log? RPKN(AT+AS))

q P ) o (Quantification) with 100 ng total RNA of UHRR and HBRR samples, respectively (Table 2). These C 100 ng across batches: A4 vs. A1 d 100 ng across batches: B4 vs. B1
SBTUBTET (el (e simtar) 107 el CLentieinon results are highly similar to that of RNA-Seq with 1 ug total RNA input (A and B) . i v Median: 0.00919
that brings several advantages over conventional methods. ety q He P ’ Me‘;';::' g'ggilz ) 1R 0263
Compared W,'th microarray technology, RNA sequ'encmg offers Table 2 Statistics of detected genes (Reads > 0, mismatches < 2) for UHRR and HBRR g “ g ol §
comprehensive assessment of RNA expression profiles, 2 g
high-throughput data, low background noise, high sensitivity, %, %,
high repeatability and larger dynamic range !, The optimized SHRR UERR 77 7.
method of RNA-Seq (Quantification) in BGI extends the power No. of Genes No. of Genes g g
and flexibility of this technology to very small amounts (100 Sample ID Sample ID " H
ng) of input total RNA. Total Detected % Detected Total Detected % Detected E‘ é‘ o -

Al 22748 18134 79.72% Bl 22748 17948 78.90% "
3. Methods A2 22748 | 18228 80.13% B2 2748 | 17953 78.92% a0 2 s s a0 x4
mean( log2 RPKM(A1+A4) ) mean( log2 RPKM(B1+B4) )
A3 22748 18297 80.43% B3 22748 17901 78.69%
3.1 Samples Preparation, Library Construction " 2mm || e o e || e e ure 1 — . o | d batch
and Sequencing Figure 1 Correlation of gene expression between different lanes and batches
A5 22748 18270 80.31% B5S 22748 17960 78.95% a: correlation of UHRR gene expression in the same lane and same batch;
FHE e - P e b: correlation of UHRR gene expression in different lanes but the same batch;
Standard RNA samples in MAQC test “/UHRR and HBRR were b9 A [l c: correlation of UHRR gene expression in different lanes and different batches;
used for RNA-Seq by lllumina HiSeq™ 2000 sequencer A 22748 | 19331 80.58% B 22748 17976 78.90% d: correlation of HBRR gene expression in different lanes and different batches.

(50-base single-end runs).

Samples were prepared following lllumina “mRNA Sequencing
Sample Preparation Guide” with 100 ng and 1 pg of total RNA.
RNA libraries were constructed by two operators (batch 1 and
batch 2). Libraries were pooled in different lanes for
sequencing. The detailed experimental design is illustrated in
Table 1.




a b c _ 4.4 Correlation of Gene Expression between RNA-Seq and qRCR
- 2 ‘Spearman R=0.9656 O . Spearman R=0.9296 ’_\? Spearman R=0.9294
- NT < .
g ° gm gm ~ The gold standard qPCR data was compared to calculate the accuracy of gene expression. R
< < < o values, ranged from 0.9184 to 0.9210 for 100 ng and 0.9170 for 1 pg indicate that RNA-Seq with
5 ° E° E” 100 ng input has the same high accuracy as RNA-Seq with 1 pg.
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Figure 2 Comparison analysis of 100 ng RNA-Seq between different lanes and batches E“ . E " .
a: correlation of gene expression for 100 ng RNA-Seq in the same lane and same batch; -.i Wt 5 cigel
b: correlation of gene expression for 100 ng RNA-Seq in different lanes but the same batch; fo jf g -] f
- g - Fi
c: correlation of gene expression for 100 ng RNA-Seq in different lanes and batches. §' £ # 25
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4.3 Correlation between RNA-Seq (Quantification) with 100 ng and 1 pg . — e
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Correlation between RNA-Seq (Quantification) with 100 ng and 1 ug input was evaluated by =] Seamuak=05184 £ soearman & - 09170
spearman correlation (R). As shown in Fig.3, correlation values, ranging from 0.9114 to 0.9188, z= 2=
indicates good correlation between 100 ng and 1 pg inputs of total RNA. £ £
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10 = 10 10 Figure 4 Correlation of gene expression between RNA-Seq and qRCR
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Figure 3 Correlation of gene expression between 100 ng and 1 pg input
a: correlation of gene expression of 100 ng RNA-Seq in the same lane and same batch vs. 1 ug;
b: correlation of gene expression of 100 ng RNA-Seq in different lanes but the same batch vs.

1ug;

qPCR;

a: correlation of gene expression of 100 ng RNA-Seq in the same lane and same batch vs.

b: correlation of gene expression of 100 ng RNA-Seq in different lanes but the same batch

vs. qPCR;

qPCR;

c: correlation of gene expression of 100 ng RNA-Seq in different lanes and batches vs.

d: correlation of gene expression of 1 ug RNA-Seq vs. gPCR.

c: correlation of gene expression of 100 ng RNA-Seq in different lanes and batches vs. 1 pg.
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5. Conclusions

(> The input amount of 100 ng total RNA using BGI's
developed method shows similar capacity for detecting
genes as previously used input of 1 ug total RNA.

_» Gene expression results on technical replicates originated
from 100 ng total RNA shows high reproducibility, with
median value around zero in the MA plots and spearman
correlation R values over 0.9.

\» Good correlation between 100 ng and 1 pg of total RNA
indicates small amount of input total RNA can be adopted
for RNA-Seq (Quantification) without affecting
performance.

[ Strong concordance with gene expression measured by
gold standard qPCR demonstrates high accuracy of results.
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