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Need for speed in accurate whole-genome data
analysis: GENALICE MAP challenges BWA/GATK
more than PEMapper/PECaller and Isaac
Michel Plüssa,b,1, Anna M. Koppsa,1, Irene Kellerc, Janine Meienberga, Sylvan M. Caspara, Nicolo Dubachera,
Rémy Bruggmannd, Manfred Vogelb, and Gabor Matyasa,e,2

In the current high-throughput genomics era, efficient
and accurate analysis of large-scale whole-genome
sequencing (WGS) data constitutes a computational
bottleneck. Johnston et al. (1) introduce the PEMapper/
PECaller software package for short-read WGS align-
ment and variant calling, promising faster analyses
with reduced output file sizes and “nearly identical (or
better)” variant calling accuracy compared with the
de facto standard Burrows–Wheeler aligner/Genome
Analysis Toolkit (BWA/GATK) best-practices pipeline
(2). However, we cannot confirm this promised BWA/
GATK-like accuracy of PEMapper/PECaller, and there
are other pipelines offering ultrafast WGS data ana-
lyses with small disk footprints, as we show in this
correspondence.

To assess sensitivity/recall, precision, computa-
tion time, and disk footprint of four corresponding
pipelines, we performed alignment and variant
calling for the reference short-read WGS data of
NA12878 and the Ashkenazim trio (3, 4). The four
pipelines included the downloadable PEMapper/
PECaller (1) and BWA/GATK (2) as well as the com-
mercially available Isaac (5) and GENALICE MAP
(genalice.com) software packages (versions and
settings specified in Fig. 1). To largely reduce sys-
tematic errors and alignment artifacts, we limited
our benchmarking of whole-genome variant calling
to the coding part of the high-confidence BED file of
GIAB 3.3 (https://github.com/genome-in-a-bottle), ex-
cluding exons with mappability <1, differences be-
tween GRCh37 and GRCh38, and/or common copy
number variations (CNVs) (6).

In our benchmarking, PEMapper/PECaller was, al-
though powerful, neither the fastest pipeline (Fig. 1)
nor as sensitive in variant calling as BWA/GATK
(Fig. 2A). Indeed, PEMapper/PECaller resulted in
the highest number of false-negative calls (Fig. 2A),

making it less suitable for clinical sequencing. As
expected, BWA/GATK showed the highest sensitivity
but fell behind the other three pipelines regarding
run time and disk footprint. GENALICE MAP showed
sensitivity comparable to BWA/GATK (Fig. 2A) but
with a 112× faster total run time and a 45× lower
disk footprint (Fig. 1). In precision, only minor dif-
ferences were observed among pipelines, except
for the PEMapper/PECaller population calling and
the GENALICE MAP single-sample calling pipelines,
which performed with the lowest and with dis-
tinctly lower precision, respectively, using downloaded
FASTQ files (Fig. 2B). The difference between down-
loaded and our in-house data was pronounced
in the sensitivity of the PEMapper/PECaller single-
sample pipeline as well (Fig. 2A), suggesting consider-
able influence of input sequencing reads on PEMapper/
PECaller.

However, although the here-applied reference
datasets may have been used for pipeline optimiza-
tion, there are no alternative/unbiased whole-genome
truth sets available for benchmarking. Moreover,
PEMapper/PECaller does not output BAM files, which
are particularly useful in clinical sequencing for evaluat-
ing called variants and in CNV detection. Regarding run
time, BWA/GATK might soon catch up with PEMapper/
PECaller if the upcoming GATK version 4.0 is indeed
5× faster as announced or might even be faster if ac-
celerated by the DRAGEN platform (edicogenome.
com) or compressive methods such as CORA (7). Im-
pressively, GENALICE MAP has already achieved ultra-
rapid speed and superior low disk footprint with BWA/
GATK-like sensitivity, thus enabling efficient (re)analy-
ses of ever-increasing amounts of WGS data.
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Fig. 1. Stepwise description, run time, disk footprint, and hardware specifications for the four investigated read mapping and variant calling
pipelines. Solid black and dotted red outlines indicate population calling and trio analysis options, respectively. We mapped reads to the
GRCh37-like reference genome hs37d5 (8), except for the Isaac pipeline running on BaseSpace Onsite not supporting custom reference
genomes, where GRCh37 was used. Notably, hs37d5 contains noncanonical bases which PEMapper/PECaller (downloaded March 29, 2017) was
unable to interpret and which were therefore replaced with Ns for this pipeline. Run times shown are for single-sample analyses of the
downloaded NA12878 Genome in a Bottle (GIAB) data (legend of Fig. 2) (*). Minimal disk footprints for variant calling (†) were assessed, and thus
for GENALICE MAP the size of the optional BAM file was not counted. Analysis parameters: PEMapper/PECaller according to ref. 1; BWA/GATK
3.5 best practices; Isaac default; GENALICE MAP best practices except for max_cigar_complexity = 18, max_context_call_density = 3, and
min_map_quality = 1.

Plüss et al. PNAS | October 3, 2017 | vol. 114 | no. 40 | E8321



1 Johnston HR, et al.; International Consortium on Brain and Behavior in 22q11.2 Deletion Syndrome (2017) PEMapper and PECaller provide a simplified approach to
whole-genome sequencing. Proc Natl Acad Sci USA 114:E1923–E1932.

2 Van der Auwera GA, et al. (2013) From FastQ data to high confidence variant calls: The Genome Analysis Toolkit best practices pipeline. Curr Protoc Bioinformatics
11:11.10.1–11.10.33.

3 Zook JM, et al. (2014) Integrating human sequence data sets provides a resource of benchmark SNP and indel genotype calls. Nat Biotechnol 32:246–251.
4 Zook JM, et al. (2016) Extensive sequencing of seven human genomes to characterize benchmark reference materials. Sci Data 3:160025.
5 Raczy C, et al. (2013) Isaac: Ultra-fast whole-genome secondary analysis on Illumina sequencing platforms. Bioinformatics 29:2041–2043.
6 Meienberg J, Bruggmann R, Oexle K, Matyas G (2016) Clinical sequencing: Is WGS the better WES? Hum Genet 135:359–362.
7 Yorukoglu D, Yu YW, Peng J, Berger B (2016) Compressive mapping for next-generation sequencing. Nat Biotechnol 34:374–376.
8 Li H (2014) Toward better understanding of artifacts in variant calling from high-coverage samples. Bioinformatics 30:2843–2851.

0

200

400

600

800

1000

1200

0.920

0.930

0.940

0.950

0.960

0.970

0.980

0.990

1.000

0

50

100

150

200

250

300

350

400

450

0.970

0.975

0.980

0.985

0.990

0.995

1.000

N
A1

28
78

 in
-h

ou
se

N
A1

28
78

 G
IA

B

N
A2

41
43

 (m
ot

he
r)

N
A2

41
49

 (f
at

he
r)

N
A2

43
85

 (s
on

)

N
A1

28
78

 in
-h

ou
se

N
A1

28
78

 G
IA

B

N
A2

41
43

 (m
ot

he
r)

N
A2

41
49

 (f
at

he
r)

N
A2

43
85

 (s
on

)

N
A1

28
78

 in
-h

ou
se

N
A1

28
78

 G
IA

B

N
A2

41
43

 (m
ot

he
r)

N
A2

41
49

 (f
at

he
r )

N
A2

43
85

 (s
on

)

N
A1

28
78

 in
-h

ou
se

N
A1

28
78

 G
IA

B

N
A2

41
43

 (m
ot

he
r)

N
A2

41
49

 (f
at

he
r)

N
A2

43
85

 (s
on

)

N
A1

28
78

 in
-h

ou
se

N
A1

28
78

 G
IA

B

N
A2

41
43

 (m
ot

he
r)

N
A2

41
49

 (f
at

he
r)

N
A2

43
85

 (s
on

)

N
A1

28
78

 in
-h

ou
se

N
A1

28
78

 G
IA

B

N
A2

41
43

 (m
ot

he
r)

N
A2

41
49

 (f
at

he
r)

N
A2

43
85

 (s
on

)

N
A2

41
43

 (m
ot

he
r)

N
A2

41
49

 (f
at

he
r)

N
A2

43
85

 (s
on

)

N
A2

41
43

 (m
ot

he
r)

N
A2

41
49

 (f
at

he
r)

N
A2

43
85

 (s
on

)

single sample pop. calling single sample trio single sample single sample pop. calling trio

PEMapper/PECaller BWA/GATK Isaac GENALICE MAP

A

B

Se
ns

i�
vi

ty
/R

ec
al

l (
ba

rs
)

Pr
ec

is
io

n 
(b

ar
s)

N
um

be
ro

fF
N

 (d
ia

m
on

ds
)

18
7

79
4

57
2

11
15

95
3

11
0

11
3

10
3

11
3

10
9

0 0 1 3 0

84 10
6 15

7

87 89

0 3 11 10 11 4 8 22 14 171 1 0 11 11 9

N
um

be
ro

fF
P 

(d
ia

m
on

ds
)

60 65 66 57 71

49

42
6 37

6

36
6

36
7

78 28

52 39

14

33 32 28 36 33

18

90 95 91 88

10

26 40 34 29

49 38

13

47 48 39

Fig. 2. Variant (SNP + indel) calling performance of the four investigated pipelines in single-sample analyses as well as population (pop.) calling
and trio analyses. (A) Sensitivity/Recall [TP/[TP+FN]; TP= true-positive and FN= false-negative calls] and number of FN. (B) Precision [TP/[TP+FP];
FP = false-positive calls] and number of FP. WGS (Illumina HiSeq 2500, PE150, PCR-free) FASTQ files for NA12878 (NA12878 GIAB) and the
Ashkenazim trio (NA24143, NA24149, and NA24385) were downloaded (ftp-trace.ncbi.nlm.nih.gov/giab, 300×) (4) and downsampled to ∼60× .
In addition, we analyzed our in-house NA12878 WGS data (NA12878 in-house) sequenced at ∼60× (Illumina X Ten, PE150, PCR-free) (6). For
population calling, the focal sample was analyzed together with 96 additional WGS datasets (sequenced like “NA12878 in-house”) from our
Caucasian (Swiss) patient cohort. The number of National Institute of Standards and Technology–GIAB high-confidence benchmarking TP calls
were 15,990 (NA12878), 15,345 (NA24143), 15,458 (NA24149), and 15,366 (NA24385).
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