
Many researchers lack the computational training or resources to process
large metagenomic datasets to the level optimal for extracting biological
data. To address this problem, our Nephele2 team at NIAID, developed a
new user-friendly command line-free pipeline, Whole metaGenome
Sequence Assembly pipeline, version 2 (WGSA2) designed to bridge the
computational gap between short shotgun reads and metagenomic
assemblies. Nephele’s WGSA2 pipeline can process metagenomic datasets
from complex communities of various environments including human and
animal-associated or environmental microbiomes, inclusive of prokaryotic,
micro-eukaryotic and viral organisms. Overall, the WGSA2 pipeline allows
the user to easily gain understanding of their metagenomic samples, without
investment in time, effort or command line computation.

ABSTRACT

A plethora of amazing tools are available online (e.g. HUMAnN3.0, MG-RAST,
IDseq) that can perform taxonomic and/or functional classification on short
shotgun metagenomic reads. However, due to their short nature, shotgun reads
often fail to provide relevant biological information. Long-read based
metagenomic tools are also abundant online (e.g. GhostKoala, iPath, MetaCyc,
NCBI BLAST) and can capture copious amounts of biological information, but
require computational power and effort to obtain. To bridge the gap between
these two analytical strategies, the National Institute of Allergy and Infectious
Diseases (NIAID) has engaged their cloud-based microbiome analysis platform,
Nephele2, to provide new user-friendly command line-free Whole Metagenome
Sequence Assembly-based pipeline, WGSA2. The pipeline is designed as a
researcher's shortcut through the computational requirements of shotgun data
processing, read assembly and assembly evaluation, allowing for focusing
researcher’s time and efforts towards project-specific downstream investigations
(gene mining, community & statistical explorations, etc.).

INTRODUCTION

v Trim, filter, error correct raw 

shotgun reads (fastp)

v Decontamination against a choice 

database of organisms (Kraken2)

v Per-sample reference-free de novo
assembly (metaSPAdes)

v Gene prediction & annotation 

(Prodigal, eggNOG-mapper2)

v Pathway inference based on 

database of choice (MinPATH)

v Taxonomic and metabolic 

community matrix per dataset

v Metagenome-assembled genomes 

(MetaBAT2, CheckM)

v Antimicrobial resistance peptide 

prediction (AMRFinderPlus)

v Sequences and abundance scores 

of assembled features (R)

v Exploratory community statistics 

and visualizations (R)

PIPELINE FEATURES

To assess the accuracy of the
WGSA2 taxonomic profiling, the
pipeline was run with 3 samples
containing mock microbial
communities from the 2nd CAMI
Toy Human Microbiome Project
Dataset (Sczyrba et al. 2017). The
profiles were obtained using the
Kraken2 classification tool against
its standard database, and 2 of the
available WGSA2 TAX profiling
strategies - from cleaned short reads
and from predicted genes
(Prodigal), in assembled samples
(metaSPAdes). These profiles were
compared against each other, their
theoretical counterparts and against
another pipeline’s shotgun-based
profiles - BioBakery (Mclver et al,
2018). Results indicate of closely
related community profiles,
composition and structure.

BENCHMARKING

Results from the WGSA2 pipeline showed community profiles, composition and
structure closely related to those presented in the theoretical profiles and such
produced by other common pipelines. The WGSA2 pipeline has the unique capacity
to provide users not only with taxonomic and functional profiles of their
communities, but of also dataset-wide taxonomic and functional abundance matrices
for their custom downstream analyses, as well as full-length amino-acid and
nucleotide sequences of predicted features, whether genes, draft genomes (MAGs) or
antimicrobial resistance genes. The pipeline provides the compositional, feature and
statistical information, a user might need to utilize the plethora of other online tools
for custom analysis, sufficiently detaching them from the command line interface.

RESULTS AND CONCLUSION

･ fastp – Shifu Chen et al. 2018. Bioinformatics 34(17). doi: 10.1093/bioinformatics/bty560;   ･ metaSPAdes – Bankevich et al. 2012. J Comput Biol 19(5). doi: 10.1089/cmb.2012.0021
･ bowtie2 – Langmead et al. 2009. Genome Biol 10(3). doi: 10.1186/gb-2009-10-3-r25;           ･ eggNOG-mapper2 – Carlos et al 2021. biorxiv. doi: 10.1101/2021.06.03.446934; 

･ Prodigal – Hyatt et al. 2010. BMC bioinformatics 11(119).  doi: 10.1186/1471-2105-11-119; ･ CheckM – Parks et al. 2015. Genome research 25(7). doi:10.1101/gr.18607214 ;

･ CAMI dataset samples  – Sczyrba et al. 2017. N Methods 14. doi: 10.1038/nmeth.4458 ･ Kraken2 – Wood et al. 2019. Genome Biol. doi: 10.1186/s13059-019-1891-0 ; 

･ R language for statistical computing – R Core Team (2021). R Foundation for Statistical Computing. https://www.r-project.org/
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Remaining taxa (356)
Bacilli; Streptococcus mitis

Epsilonproteobacteria; Campylobacter jejuni
Bacilli; Marinilactibacillus sp.

Betaproteobacteria; Bordetella bronchiseptica
Gammaproteobacteria; Mannheimia haemolytica

Clostridia; Clostridioides difficile
Bacteroidia; Bacteroides salanitronis

Bacilli; Carnobacterium inhibens
Gammaproteobacteria; Haemophilus influenzae

Clostridia; Clostridium scatologenes
Clostridia; Clostridium pasteurianum

Clostridia; Clostridium butyricum
Bacteroidia; Bacteroides fragilis

Clostridia; Clostridium botulinum
Bacteroidia; Porphyromonas gingivalis

Gammaproteobacteria; Acinetobacter sp.
Actinobacteria; Micrococcus luteus

Bacilli; Staphylococcus warneri
Bacilli; Streptococcus dysgalactiae
Bacilli; Staphylococcus epidermidis

Actinobacteria; Propionibacterium freudenreichii
Bacilli; Streptococcus pneumoniae

Clostridia; Clostridium aceticum
Bacteroidia; Bacteroides thetaiotaomicron

Actinobacteria; Pimelobacter simplex
Bacteroidia; Bacteroides dorei

Gammaproteobacteria; [Haemophilus] ducreyi
Bacilli; Staphylococcus schleiferi

Betaproteobacteria; Neisseria meningitidis
Betaproteobacteria; Bordetella pseudohinzii

Betaproteobacteria; Bordetella pertussis
Bacilli; Jeotgalibaca sp.

Betaproteobacteria; Bordetella petrii
Bacilli; Streptococcus suis

Bacilli; Staphylococcus aureus

0.1

1.0

10.0

% Read
Abundance

14
.631.
3

1.
30 000 0 0

27
.8 0 0 2.
506.
6 00 00.
40 0

18
.8 00 2.
1

1.
300 07.
3

3.
1 010 0 0

0

25
.4 0

15
.300 1.
300 00 0 0

18
.1 0 1.
3 02.
7

6.
6

3.
200 0.
4 009.
7 07.
5 02.
2

3.
1 000 30

00 0
24

.30 00 0 10 00009.
2 09.
8 03.
3

7.
2

1.
8 03.
3

0.
90 0 0

20
.5 0 5.
3

2.
9

3.
40 7.
2 00

0

17
.300 02.
200 0 2.
70 00 0

10
.5

22 0

10
.4 02.
7

2.
8

9.
4

3.
5

3.
8

0.
50 0 00 0 00 4.
4

7.
5 00

8.
7

4.
9

4.
9

3.
9

0.
8

4.
8 000

53
.6 0 00 00 00 0 0 004.
40 0 00 000 0.
504.
9 0 04.
2

4.
6

4

48
.3 4 04 0 0.
10007.
7 00 4 4440 80 000 00 003.
9 0 00 40 0 00

12 5.
2

23
.3

0.
4

5.
45 5.
2

4.
80

11
.4 05.
80 00 05.
3 0 00 6.
7 0 0000 009.
600 0 00 0 0

0 0 00 000 3.
7 0

10
.4 04.
2

8.
5 00 0

10
.60 04.
1 05.
2 05.
4

4.
3

3.
204.
8

30
.4 000 005.
30

0 00 0

11
.200 0 1.
900 03.
90 0 0

22
.2

1.
8

35
.6

2.
5

0.
7

0.
30 00 00 1.
5

7.
4 00 0 1.
10 10 0

0 00 130 1.
7000.
7 000 03.
4 00 0

19
.8

1.
7

32
.3

10
.1

1.
60 0 1.
1 200 0 00 2.
7

8.
70 0 1.
3

22
.70 0 0 03.
4

17
.4

1.
80 0 1.
60 0 0000 0 20 0 00.
6 0 20 0.
8

11
.2

1.
60 0 26.
2 0

26
.9 0

00 1.
504.
10 0 0 20

17
.5

2.
10 0.
6 0 0 00

16
.10 00 2.
1

1.
6932 3.
7

0.
80 0 0 00 00 6.
8

S1
S2

8
S6

The
ore

tic
al

WGSA2re
ad

s
WGSA2g

en
e

BioB
ak

ery

The
ore

tic
al

WGSA2re
ad

s
WGSA2g

en
e

BioB
ak

ery

The
ore

tic
al

WGSA2re
ad

s
WGSA2g

en
e

BioB
ak

ery

R
em

ai
ni

ng
 ta

xa
 (3

56
)

Ba
ci

lli;
 S

tre
pt

oc
oc

cu
s 

m
iti

s
Ep

si
lo

np
ro

te
ob

ac
te

ria
; C

am
py

lo
ba

ct
er

 je
ju

ni
Ba

ci
lli;

 M
ar

in
ila

ct
ib

ac
illu

s 
sp

.
Be

ta
pr

ot
eo

ba
ct

er
ia

; B
or

de
te

lla
 b

ro
nc

hi
se

pt
ic

a
G

am
m

ap
ro

te
ob

ac
te

ria
; M

an
nh

ei
m

ia
 h

ae
m

ol
yt

ic
a

C
lo

st
rid

ia
; C

lo
st

rid
io

id
es

 d
iff

ic
ile

Ba
ct

er
oi

di
a;

 B
ac

te
ro

id
es

 s
al

an
itr

on
is

Ba
ci

lli;
 C

ar
no

ba
ct

er
iu

m
 in

hi
be

ns
G

am
m

ap
ro

te
ob

ac
te

ria
; H

ae
m

op
hi

lu
s 

in
flu

en
za

e
C

lo
st

rid
ia

; C
lo

st
rid

iu
m

 s
ca

to
lo

ge
ne

s
C

lo
st

rid
ia

; C
lo

st
rid

iu
m

 p
as

te
ur

ia
nu

m
C

lo
st

rid
ia

; C
lo

st
rid

iu
m

 b
ut

yr
ic

um
Ba

ct
er

oi
di

a;
 B

ac
te

ro
id

es
 fr

ag
ilis

C
lo

st
rid

ia
; C

lo
st

rid
iu

m
 b

ot
ul

in
um

Ba
ct

er
oi

di
a;

 P
or

ph
yr

om
on

as
 g

in
gi

va
lis

G
am

m
ap

ro
te

ob
ac

te
ria

; A
ci

ne
to

ba
ct

er
 s

p.
Ac

tin
ob

ac
te

ria
; M

ic
ro

co
cc

us
 lu

te
us

Ba
ci

lli;
 S

ta
ph

yl
oc

oc
cu

s 
w

ar
ne

ri
Ba

ci
lli;

 S
tre

pt
oc

oc
cu

s 
dy

sg
al

ac
tia

e
Ba

ci
lli;

 S
ta

ph
yl

oc
oc

cu
s 

ep
id

er
m

id
is

Ac
tin

ob
ac

te
ria

; P
ro

pi
on

ib
ac

te
riu

m
 fr

eu
de

nr
ei

ch
ii

Ba
ci

lli;
 S

tre
pt

oc
oc

cu
s 

pn
eu

m
on

ia
e

C
lo

st
rid

ia
; C

lo
st

rid
iu

m
 a

ce
tic

um
Ba

ct
er

oi
di

a;
 B

ac
te

ro
id

es
 th

et
ai

ot
ao

m
ic

ro
n

Ac
tin

ob
ac

te
ria

; P
im

el
ob

ac
te

r s
im

pl
ex

Ba
ct

er
oi

di
a;

 B
ac

te
ro

id
es

 d
or

ei
G

am
m

ap
ro

te
ob

ac
te

ria
; [

H
ae

m
op

hi
lu

s]
 d

uc
re

yi
Ba

ci
lli;

 S
ta

ph
yl

oc
oc

cu
s 

sc
hl

ei
fe

ri
Be

ta
pr

ot
eo

ba
ct

er
ia

; N
ei

ss
er

ia
 m

en
in

gi
tid

is
Be

ta
pr

ot
eo

ba
ct

er
ia

; B
or

de
te

lla
 p

se
ud

oh
in

zi
i

Be
ta

pr
ot

eo
ba

ct
er

ia
; B

or
de

te
lla

 p
er

tu
ss

is
Ba

ci
lli;

 J
eo

tg
al

ib
ac

a 
sp

.
Be

ta
pr

ot
eo

ba
ct

er
ia

; B
or

de
te

lla
 p

et
rii

Ba
ci

lli;
 S

tre
pt

oc
oc

cu
s 

su
is

Ba
ci

lli;
 S

ta
ph

yl
oc

oc
cu

s 
au

re
us

0.
1

1.
0

10
.0

%
 R

ea
d

Ab
un

da
nc

e
14.6

3

1.3

1.3

0

0

0

0

0

0

27.8

0

0

2.5

0

6.6

0

0

0

0.4

0

0

18.8

0

0

2.1

1.3

0

0

0

7.3

3.1

0

10

0
00

25.4

0

15.3

0

0

1.3

0

0

0

0

0

0

18.1

0

1.3

0

2.7

6.6

3.2

0

0

0.4

0

0

9.7

0

7.5

0

2.2

3.1

0

0

0

3

0

0

0

0
24.3

0

0

0

0

1

0

0

0

0
0

9.2

0

9.8

0

3.3

7.2

1.8

0

3.3

0.9

0

0

0

20.5

0

5.3

2.9
3.4

0

7.2

0

0

0

17.3
0

0

0
2.2

0

0

0

2.7

0

0

0

0

10.5

22

0

10.4

0

2.7
2.8

9.4

3.5
3.8

0.5

0

0

0

0

0

0

0

4.4

7.5

0

0

8.7

4.9

4.9

3.9

0.8

4.8

0
0

0

53.6

0

0

0

0

0

0

0

0

0

0

0

4.4

0
0

0

0

0

0

0

0.5

0

4.9

0

0

4.2

4.6

4

48.3

4

0

4

0
0.1

0

0

0

7.7

0

0

4

4

4
4

0

8

0

0

0
0

0

0
0

0

3.9

0

0

0

4

0

0

0

0

12

5.2

23.3

0.4

5.4
5

5.2

4.8

0

11.4

0

5.8

0

0

0

0

5.3

0

0

0

6.7

0

0

0
0

0

0

0

9.6
0

0

0

0

0

0

0

0

0

0

0

0

0

0

3.7

0

10.4

0

4.2

8.5

0

0
0

10.6

0

0

4.1

0

5.2

0

5.4

4.3

3.2

0

4.8

30.4

0

0

0

0

0

5.3

0

0

0

0

0

11.2

0

0

0

1.9

0

0

0

3.9

0

0

0

22.2

1.8

35.6

2.5

0.7

0.3

0

0

0

0

0

1.5

7.4

0

0

0

1.1

0

10

0

0

0

0

13

0

1.7

0
0

0.7

0

0

0

0

3.4

0

0

0

19.8

1.7

32.3

10.1

1.6

0

0

1.1

2

0

0

0

0
0

2.7

8.7

0

0

1.3

22.7

0
0

0

0

3.4

17.4

1.8

0

0

1.6

0

0

0

0

0

0

0

2

0

0

0
0.6

0

2

0

0.8

11.2

1.6

0

0

2

6.2

0

26.9

00

0

1.5

0

4.1

0

0

0

2

0

17.5

2.1

0

0.6
0

0

0

0

16.1

0

0

0

2.1

1.6

9

32

3.7

0.8

0

0

0

0

0

0

0

6.8

S1 S28 S6

Th
eo

ret
ica

l

W
GSA2re

ad
s

W
GSA2g

en
e

BioB
ak

ery

Th
eo

ret
ica

l

W
GSA2re

ad
s

W
GSA2g

en
e

BioB
ak

ery

Th
eo

ret
ica

l

W
GSA2re

ad
s

W
GSA2g

en
e

BioB
ak

ery

Remaining taxa (356)
Bacilli; Streptococcus mitis

Epsilonproteobacteria; Campylobacter jejuni
Bacilli; Marinilactibacillus sp.

Betaproteobacteria; Bordetella bronchiseptica
Gammaproteobacteria; Mannheimia haemolytica

Clostridia; Clostridioides difficile
Bacteroidia; Bacteroides salanitronis

Bacilli; Carnobacterium inhibens
Gammaproteobacteria; Haemophilus influenzae

Clostridia; Clostridium scatologenes
Clostridia; Clostridium pasteurianum

Clostridia; Clostridium butyricum
Bacteroidia; Bacteroides fragilis

Clostridia; Clostridium botulinum
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Read Cleaning

Assembly &
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TAXdb:: 
 Bacteria + Viruses +
Archaea + Fungi +

Protozoans

Kraken2

Dataset-collected 
TAX abundance matrix Gene-based

Analysis

Predicted genes &
abundances

KO, EC & GO
gene annotations

Taxonomic
classification

per gene

TAXdb:: 
 Bacteria + Viruses +
Archaea + Fungi +

Protozoans

Kraken2

Functional
Profiling

Inferred
Pathways

Functional profiles from
gene content & abundance

Dataset-wide PWY
Abundance Matrix

Gene-based
TAX profiling

MAGs-based
Analysis

Taxonomic profiles from
gene content & abundance

Taxonomic
visualizations

Functional
visualizations

MAGs 
 (Draft Genomes)

Taxonomic profiles from
draft genomes

QC & TAX
profiling

Bin Taxonomy

Bin Abundance

Bin size (bp),
Completeness,

Contamination levels

Bin Predicted Genes

EC annots +
MetaCyc maps

KO annots +
KEGG maps

PIPELINE AVAILABLILITY
The latest version of WGSA2
pipeline is publicly and freely

available at: 
https://nephele.niaid.nih.gov
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