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1 Introduction

cosmiq
is a
tool
for
the
pre-
pro-
cess-
ing
of
liquid-
or
gas-
chromatography
mass
spec-
trom-
e-
try
(LCMS/GCMS)
data
with
a
fo-
cus
on
metabolomics
or
lipidomics
ap-
pli-
ca-
tions.
The
Bio-
con-
duc-
tor
pack-
age
[?]
has
been
de-
vel-
oped
and
has
shown
to
be
ef-
fec-
tive
us-
ing
liq-
uid
ul-
tra
per-
for-
mance
cap-
il-
lary
chro-
matog-
ra-
phy
cou-
pled
with
high
ac-
cu-
racy
mass
data
(full
width
at
half
max-
i-
mum
>
20000),
e.g.,
by
us-
ing
TOF
or
Q-
TOF
type
mass
spec-
trom-
e-
ter.
The
data
we
have
used
con-
sists
of
one
hun-
dreds
files
hav-
ing
a
size
of
ap-
prox.
500MBytes
each
(see
also
[?]).

Because
those
high-
resolution
data
are
too
huge
for
bee-
ing
in-
cluded
in
the
pack-
age
we
will
demon-
strate
the
us-
age
of
the
cos-
miq
pack-
age
us-
ing
the
smaller
faahKO
data
set
which
is
al-
ready
avail-
able
on
Bio-
con-
duc-
tor.

The
fol-
low-
ing
code
of
the
cos

miq

wrap-
per
func-
tion
shows
a
typ-
ical
us-
age:

R> library(cosmiq)

R> cdfpath <- file.path(find.package("faahKO"),

+ "cdf")

R> my.input.files <- dir(c(paste(cdfpath,

+ "WT", sep='/'),

+ paste(cdfpath, "KO", sep='/')),

+ full.names=TRUE)

R> # run cosmiq wrapper function

R> #

R> x <- cosmiq(files = my.input.files,

+ mzbin=0.25,

+ SNR.Th=0,

+ linear=TRUE)

R> # graph result

R> image(t(x$eicmatrix),

+ main='mz versus RT map')

R> head(x$xs@peaks)

The
cos

miq

func-
tion
is
com-
posed
of
the
fol-
low-
ing
steps:

•
Combining
spec-
tra

•
Detecting
mz
peaks
on
mas-
ter
spec-
trum

•
Quantifying
masses

•
RT
cor-
rec-
tion

•
Computing
the
EIC
ma-
trix

•
Detecting
chro-
mato-
graphic
peaks
from
EIC
ma-
trix

•
Quantifying
mz/RT
fea-
tures

cos

miq

uses
the
xcms
[?]
ob-
ject
struc-
ture
for
han-
dling
the
data.
The
fol-
low-
ing
pages
of
this
vi-
gnette
are
in-
dented
to
demon-
strate
how
all
the
steps
can
be
run
man-
u-
ally
us-
ing
the
faahKO
data
set.

2 LCMS
fea-
ture
de-
tec-
tion
step
by
step
us-
ing
cos-
miq

2.1The
In-
put

The
faah
knock-
out
dataset
[?]
will
be
used
as
in-
put.

R> library(cosmiq)

R> cdfpath <- file.path(find.package("faahKO"),

+ "cdf")

R> my.input.files <- dir(c(paste(cdfpath,

+ "WT", sep='/'),

+ paste(cdfpath, "KO", sep='/')),

+ full.names=TRUE)

R> #

R> # create xcmsSet object

R> # todo

R> xs <- new("xcmsSet")

R> xs@filepaths <- my.input.files

Define
the
phen

o

Data.
This
is

usu-
ally
done
by
the
un-
ex-
ported
method
xcms:::phenoDataFromPaths.

R> class <- as.data.frame(c(rep("KO",6),

+ rep("WT", 6)))

R> rownames(class) <- basename(my.input.files)

R> xs@phenoData <- class

The
xcms
ob-
ject
xs

will
be
used
as
con-
tainer
to
keep
all
the
data.

R> xs.attr <- attributes(xs)

R> xs.attr$phenoData

c(rep("KO", 6), rep("WT", 6))

ko15.CDF KO

ko16.CDF KO

ko18.CDF KO

ko19.CDF KO

ko21.CDF KO

ko22.CDF KO

wt15.CDF WT

wt16.CDF WT

wt18.CDF WT

wt19.CDF WT

wt21.CDF WT

wt22.CDF WT

2.2Combination
of
mass
spec-
tra

The
first
two
pro-
cess-
ing
steps
search
for
rel-
e-
vant
mass
bins
in
the
dataset.
In
or-
der
to
se-
lect
for
op-
ti-
mal
bins,
we
first
cal-
cu-
late
a
com-
bined
spec-
trum.
This
ap-
proach
of
over-
lay-
ing
and
sum-
ming
in-
ten-
si-
ties
of
sin-
gle
scans
to-
gether
is
usual
for
ap-
pli-
ca-
tions
in
flow
in-
jec-
tion
mass
spec-
trom-
e-
try
and
aims
to
im-
prove
ion
statis-
tics.
Not
only
are
mass
spec-
tra
from
all
scans
from
a
sin-
gle
LCMS
run
com-
bined
but
from
all
ac-
quired
datasets.
As
a
re-
sult,
sig-
nal
to
noise
ra-
tio
in-
creases
for
each
ad-
di-
tional
LCMS
run
and
a
mas-
ter
list
of
ob-
served
mass
is
gen-
er-
ated.

R> x <- combine_spectra(xs=xs, mzbin=0.25,

+ linear=TRUE, continuum=FALSE)

R> plot(x$mz, x$intensity, type='l',

+ main='combined spectra',

+ xlab='m/Z', ylab='ion intensity')

R>
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2.3Detection
of
rel-
e-
vant
masses

Based
on
this
com-
bined
mas-
ter
mass
spec-
trum
we
then
de-
ter-
mine
lo-
ca-
tion
and
bound-
aries
of
each
ob-
served
mass.
A
mod-
i-
fied
peak
de-
tec-
tion
al-
go-
rithm
based
on
con-
tin-
u-
ous
wavelet
trans-
for-
ma-
tion
(CWT)
is
used
for
this
step
[?].
Peak
de-
tec-
tion
based
on
CWT
has
the
ad-
van-
tage
that
a
slid-
ing
scale
of
wavelets
in-
stead
of a
sin-
gle
fil-
ter
func-
tion
with
fixed
wave-
length
is
used.
This
al-
lows
for
a
flex-
ible
and
au-
to-
matic
ap-
prox-
i-
ma-
tion
of
the
peak
width.
As
a
re-
sult,
it is
pos-
si-
ble
to
lo-
cate
both
nar-
row
and
broad
peaks
within
a
given
dy-
namic
range.
The
CWT
al-
go-
rithm
was
mod-
i-
fied
in
or-
der
to
con-
sider
over-
lap-
ping
peaks
[?].

R> xy <- peakdetection(x=x$mz, y=x$intensity,

+ scales=1:10,

+ SNR.Th=1.0,

+ SNR.area=20, mintr=0.5)

R> id.peakcenter<-xy[,4]

R> filter.mz <- 400 < x$mz & x$mz < 450

R> plot(x$mz[filter.mz],

+ x$intensity[filter.mz],

+ main='Detection of relevant masses',

+ type='l',

+ xlab='m/Z',

+ ylab='ion intensity')

R> points(x$mz[id.peakcenter],

+ x$intensity[id.peakcenter],

+ col='red', type='h')

R>
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2.4Generation
and
com-
bi-
na-
tion
of
ex-
tracted
ion
chro-
matograms

Until
now
only
the
mz
in-
for-
ma-
tion
was
con-
sid-
ered.
In
the
fol-
low-
ing
pro-
cess-
ing
steps,
the
chro-
mato-
graphic
in-
for-
ma-
tion
will
be
added.
For
the
com-
par-
i-
son
of
dif-
fer-
ent
LCMS
datasets,
it is
im-
por-
tant
to
con-
sider
RT
shifts.
These
shifts
are
typ-
i-
cally
caused
by
tech-
ni-
cal
vari-
a-
tions
and
need
to
be
cor-
rected
be-
fore
chro-
mato-
graphic
peaks
be-
tween
dif-
fer-
ent
LCMS
runs
are
aligned.
For
this
pur-
pose,
cos-
miq
im-
ple-
ments
xcms

re-
ten-
tion
time
align-
ment
us-
ing
the
obi-
warp
al-
go-
rithm.
For
each
de-
tected
mass
in
step
2.3
we
cal-
cu-
late
an
ex-
tracted
ion
chro-
matogram
(EIC).
In
or-
der
to
de-
ter-
mine
the
elu-
tion
time
for
each
de-
tected
mass,
the
EICs
of
ev-
ery
mass
are
com-
bined
be-
tween
all
ac-
quired
runs.
Again,
this
com-
bi-
na-
tion
ap-
proach
aims
for
an
im-
prove-
ment
of
the
signal-
to-
noise
ra-
tio
(SNR).

R> # create dummy object

R> xs@peaks <- matrix(c(rep(1,

+ length(my.input.files) * 6),

+ 1:length(my.input.files)),

+ ncol=7)

R> colnames(xs@peaks) <- c("mz",

+ "mzmin", "mzmax", "rt",

+ "rtmin", "rtmax", "sample")

R> xs <- xcms::retcor(xs,

+ method = "obiwarp", profStep=1,

+ distFunc="cor", center=1)

R>

2.5Detection
of
chro-
mato-
graphic
peaks

Based
on
the
com-
bined
EICs
there
is
an-
other
peak
de-
tec-
tion
step
to
be
per-
formed.
The
al-
go-
rithm
as
de-
scribed
for
the
peak
pick-
ing
of
m/z
sig-
nals
in
Step
2.3
is
used
also
for
peak
pick-
ing
in
the
re-
ten-
tion
time
do-
main.
The
fi-
nal
re-
sult
is a
peak
ta-
ble
with
lo-
ca-
tion
and
bound-
aries
of
each
mz/RT
fea-
ture.
This
in-
for-
ma-
tion
will
be
fur-
ther
used
to
lo-
cate
the
rel-
e-
vant
po-
si-
tion
in
ev-
ery
sin-
gle
LCMS
dataset
in
or-
der
to
quan-
tify
sam-
ple
spe-
cific
fea-
ture
in-
ten-
si-
ties.
Be-
cause
the
mz/RT
fea-
tures
were
de-
tected
on
the
com-

bined
mass
spec-
tra
or
EICs
of
all
sam-
ples
it is
not
nec-
es-
sary
to
align
fea-
tures
be-
tween
dif-
fer-
ent
LCMS
runs
as
for
a
typ-
ical
raw
data
pro-
cess-
ing
work-
flow.
In-
stead,
a
data
ma-
trix
with
in-
ten-
sity
val-
ues
for
ev-
ery
mz/RT
fea-
ture
and
ev-
ery
sam-
ple
can
be
im-
me-
di-
ately
cal-
cu-
lated.
An
ex-
am-
ple
can
bee
seen
in
Fig-
ure ??.

[1] 136 143

[1] 2501.378 4499.824

[1] 475.125 483.125

2.6Localisation
and
quan-
tifi-
ca-
tion
of
de-
tected
peaks

With
the
in-
for-
ma-
tion
about
their
po-
si-
tion
in
the
com-
bined
datasets,
each
in-
di-
vid-
ual
mz/RT
fea-
ture
is
then
lo-
cated
in
the
raw
data.
Due
to
the
re-
ten-
tion
time
cor-
rec-
tion,
each
fea-
ture
is
ex-
pected
at
the
same
RT
po-
si-
tion
as
in
the
com-
bined
EIC.
How-
ever
small
shifts
in
re-
ten-
tion
time
still
oc-
cur
for
most
of
the
peaks.
In
or-
der
to
lo-
cate
the
cor-
rect
po-
si-
tion
of
each
fea-
ture,
the
EIC
of
the
se-
lected
mass
is
cal-
cu-
lated
for
the
whole
re-
ten-
tion
time.
This
EIC
is
fil-
tered
with
CWT
us-
ing
only
the
scale
where
the
fea-
ture
was
op-
ti-
mally
lo-
cated
on
the
com-
bined
EIC
in
step
3.
Lo-
cal
max-
ima
are
cal-
cu-
lated
on
this
trans-
formed
data
and
the
max-
i-
mum
with
the
clos-
est
po-
si-
tion
to
the
ex-
pected
re-
ten-
tion
time
is
cho-
sen.

R> xs <- create_datamatrix(xs = xs,

+ rxy = rxy)

2.7The
Out-
put

The
out-
put
is a
xcms-
Set
ob-
ject
in-
clud-
ing
all
nec-
es-
sary
in-
for-
ma-
tion
(peak
lo-
ca-
tion
and
peak
area),
for
fur-
ther
data
anal-
ysis
(statis-
tics,
metabo-
lite
database
in-
for-
ma-
tion).
The
out-
put
is
vis-
ible
in
Ta-
ble ??
and
can
be
ex-
tracted
by
us-
ing
the
fol-
lown-
ing
com-
mand.

R> peaktable <- xcms::peakTable(xs)
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Figure 1: A
“feature map”,
generated by
using cosmiq, of
the faahKO data is
shown

mz mzmin mzmax rt rtmin rtmax npeaks ko15.CDF ko16.CDF ko18.CDF ko19.CDF ko21.CDF ko22.CDF wt15.CDF wt16.CDF wt18.CDF wt19.CDF wt21.CDF wt22.CDF
13 480.12 479.62 480.62 3308.89 3269.77 3346.45 12.00 50056574.74 49188673.99 42604200.43 32851699.17 32167083.04 28232603.93 50843961.77 53491143.06 44170197.70 31030987.86 33940727.49 26817322.53
16 481.12 480.62 481.62 3308.89 3269.77 3346.45 12.00 13099238.89 12892410.39 11239240.82 8722475.72 8416403.21 7386527.17 13329889.37 13761043.95 11389325.40 8178813.42 8871975.10 7162358.69
20 482.12 481.62 482.62 3587.46 3556.16 3625.01 12.00 9236048.74 9808221.16 9208820.69 5944352.74 6643532.65 4673246.58 6213538.11 9478365.28 8806738.76 7065545.40 6784720.21 5304007.67
1 475.12 474.62 475.62 2543.63 2501.38 2620.32 12.00 5186949.19 487408.49 5335581.42 6752927.55 1041640.40 325511.86 5199329.83 390509.41 4955607.87 7390373.01 1091444.77 332135.57

14 480.12 479.62 480.62 3563.98 3517.03 3599.97 12.00 3793218.13 3609194.92 3262888.26 2278957.11 2281625.97 1919592.19 3233217.08 3710765.24 3778748.06 2791484.26 2661819.89 1700321.22
18 482.12 481.62 482.62 3308.89 3269.77 3346.45 12.00 2436222.04 2411748.96 2178509.21 1850595.04 1760884.74 1513305.56 2430863.62 2558690.87 2246852.34 1680230.77 1852048.69 1488797.21
24 483.12 482.62 483.62 3587.46 3556.16 3625.01 12.00 2453488.79 2644783.20 2465869.41 1600305.36 1788174.64 1259131.65 1710400.41 2486024.63 2350213.82 1842232.12 1838208.47 1479050.87
10 478.12 477.62 478.62 3609.36 3557.72 3659.44 12.00 1781011.37 1530799.56 2339941.43 1746024.01 2002111.10 2306808.53 2315119.37 1184549.17 2596885.26 1610089.96 2152341.25 1936846.77
19 482.12 481.62 482.62 3532.68 3507.64 3556.16 12.00 2894511.13 2223288.19 1837688.94 1028426.47 1058758.71 937052.39 2817059.31 2387335.47 1801587.69 1226877.24 1316071.33 1132986.62
3 475.12 474.62 475.62 3623.45 3582.76 3676.66 12.00 1645767.46 327646.28 2111210.41 3635674.44 313337.16 134904.64 266162.14 264337.89 1828129.46 3371455.60 300460.78 116042.21
2 475.12 474.62 475.62 3488.86 3456.00 3523.29 12.00 1365292.03 207845.48 1974452.50 2501026.19 328727.49 138709.97 1562604.41 130589.92 1736168.07 3149059.84 288418.70 106937.94

12 480.12 479.62 480.62 2931.74 2891.05 2970.86 12.00 320143.15 2244074.91 970810.56 708970.12 453703.41 265494.04 1273170.72 530927.03 1143132.91 681184.49 878490.94 459179.04
5 476.12 475.62 476.62 3632.84 3556.16 3707.96 12.00 1326705.40 223602.11 991497.73 1793404.15 408466.66 219508.80 267728.22 214672.89 953058.81 1552155.54 330294.32 199937.41
4 476.12 475.62 476.62 3277.59 3250.99 3304.20 12.00 1017097.52 566738.36 938016.24 1006652.05 322057.40 277767.96 1014075.61 530283.76 776078.79 957879.55 330335.47 261446.90

23 483.12 482.62 483.62 3532.68 3506.08 3556.16 12.00 824724.45 717630.28 501639.82 300146.18 302852.18 259151.41 789391.93 633351.60 488747.06 340751.93 363169.24 318034.35
6 476.12 475.62 476.62 3837.85 3726.74 3938.01 12.00 75128.82 981658.22 713584.23 696291.39 128107.82 119574.53 61482.87 724052.74 901890.74 621936.43 124351.98 117733.72
9 478.12 477.62 478.62 3224.39 3189.96 3260.38 12.00 593890.64 624494.43 434788.25 274664.24 264986.46 230329.59 620885.22 589401.87 411366.45 300202.21 304203.29 238878.11
8 478.12 477.62 478.62 3157.09 3125.79 3189.96 12.00 496893.92 530543.66 454704.22 300974.64 313026.09 273014.41 569016.99 492274.06 405468.26 313791.05 331575.42 267200.70

22 483.12 482.62 483.62 3307.33 3274.47 3343.32 12.00 338584.18 350909.53 309209.05 294198.03 280731.04 238100.47 354019.82 359693.84 367188.74 254850.40 287734.63 263301.99
25 483.12 482.62 483.62 3725.17 3693.87 3758.04 12.00 106202.28 1157183.66 162057.02 50980.25 50969.98 97685.46 77838.50 449676.22 185229.53 45302.75 45332.99 191087.01

Table 1: The
spreadsheet
shows the top 20
most intense rows
(or
der(rowSums(peaktable[,8:19]),

decreasing=TRUE))
of the peakTable

result

Contact: � ETHZ|UZH, Functional Genomics Center Zurich, Winterthurerstr. 190, CH-8057 Zurich, SWITZERLAND, Phone: +41 44 635 39 12, Fax: +41 44 635 39 22, EMail: cp@fgcz.ethz.ch, URL: http://bioconductor.org/packages/cosmiq/; ‡ David Fischer, Evolva SA, Basel, SWITZERLAND.

http://bioconductor.org/packages/cosmiq
http://bioconductor.org/packages/faahKO
cp@fgcz.ethz.ch
http://bioconductor.org/packages/cosmiq/

