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What i1s Metabolomics?
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Metabolomics Workflow
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Project Goals

® To identify metabolic pathways related to pathogenesis
In mouse models of 3 neuromuscular degeneration
mutants

® To develop informatics tools to assign metabolomics
data to curated biochemical pathways and functional
annotations for mouse genes and proteins

\ Data Generation -> Data Analysis -> Data Interpretation
Metabolites->Biochemical Pathways->Genes->Annotations
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Bioinformatics infrastructure is lacking
for metabolomics data analysis and
Interpretation

® Metabolite names are variable and are used
Inconsistently (e.g. B-Alanine, Beta-Alanine)

® Very few metabolomics data analysis pipelines are
designed for the biologists (e.g HMDB,
plantmetabolomics.org)

® Need to combine the metabolomics data with
genomics data and biological annotations for
Interpretation
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MMAP Features: Data Base and Data
Analysis Pipeline

Data Reporting
Standards
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mMap Features: Advanced Data
Analysis Tools

Data Analysis

Missing Value Imputation

Data Mormalization

Hierarchical cluster analysis
o

Distance Measure
Euclidean -

Linkage Method
Complete -

MD5 Plot analysis
PCA Analysis

Random Forest Analysis

vX

Step 1

Step 2

Step 3- A

Step 3 -B

]

Step 3 -

Step 3 -O

Menu Driven automated data
analysis pipeline

Best practices in metabolomics
data analysis

Connected to genomics
information

Interactive plots : Download/Print
Flexible pipeline

Help in interpretation of plots with
examples
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Data Analysi

mMap Features

Plots
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mMap Features :
Plots

Help In Interpreting the

Data Analysis

Missing Value Imputation Step 1

Data file created at DataFile

Please provide your choices for Missing Value imputation (Step 1)

Cluster Analysis
How to interpret this plot?

Please click on the picture to see an example

aistance = eucli 1, method = s
Last modified: Auaust 27 2014 11:20:54.

Contact Us
Threshhold % Of Missing values for a metabolite
50
Hint: The metabolites with more missing values Cluster Dendrogram
than the given threshhold will be discarded from Distance = manhattan, method = ward I Method name
the next analysis steps. Metabolites with less than 7 Last modified: August 13 2011 10:31:58.
given percentage of missing values will be % -
imputed by the mean of the concentration for that
metabolite. .
The default is 50%. D
o
=3
2
o - Mutant name
Data Normalization Step 2 = — [ | and replicate#
= ;
] — o o :
F = 0 : 3 : :
F 3 - im
N ) : FIPE S Y- I = He=2
@ RN -V L& e T ) & o el
Range Scaing (el P R R P . izRES
0g Transformation = @ w o w 0 g'—l{ 5 o 2w R = B omuwes = =2 ='g, Red cluster is well
areto Scalin g ofus s s aftHosEn e igd QesSsg— ZF separated from
9 CdBa—S=SEEc 224222 x2S Som=_| =
uto Scaling e F.‘?".thi == g",-g' - g,‘? L =] ?-?‘-—I o= the green cluster.
Z'B!ga'ix' SEEr oy Iw'B 2 x DaE =
“=4EHTI FTaaTIEZFZF T4 == ~
= w % @ o= ﬁ g U‘t) L = =<
Mutant samples are not
Hierarchical cluster analysis Step 3-A separated well
MDS Plot analysis Step3-B
hclust (*, "ward"™y Linkage Method
PCA Analysis SEFSLL This cluster dendogram shows that the samples of the mutant atl1g50290 are clearly
separable from the rest of the samples. Manhattan distance measure and Ward
Random Forest Analysis Step3-D linkage methods were used for this plot. One can choose different methods from the
drop down menus on the left side and plot. Please click on the help icon to get more
information about the choice of methods.
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MMAP Features : Interactive Plots

Browse experiment data ‘7’

Ayailable Projects
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Awvailable Experiments
Gars Experment
Experiment -Gars Experiment

1 Analytical platform -Met

Awvailable Factors
Genotype »

[Platform |

Threshhold 05 o

Fold Change Flot

[Metabolite Details: sphingosine

[Compound Common Name:[sphingosine

Compound Synonyms:

Sphingenine,sphingosine

[Molecular Weight:

Chemical Formula:

[299.4p<
MMAP Metabolite Details

C18)
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N 1)
02)

Smiles Notation:

IC(CCC)CCCCCCCCCC=CC(C(CO)N+DO
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Interesting Metabolites

Perform Maore Data Analysis ? [Cata Analysis Wizard |

MMAP Data Analysis Results

25246036

Mousecyc Pathways:

Hy0

a carboxylate

phosphatase 1:

sphingosine-1-phosphate

h harul-ath 1

a sphingosine-containing cerami

sphingosine

sphingosine-1-phosphate

ATP
sphingosine kinase 2: Sphk2
Sgppl W sphingosine kinase 1: Sphkl
ADP
sphingosine

sphingosine and sphingosine-1-phosphate metabolism (As a Product)
MGl }

enes: Sphkl"lkZ,SgpI1,Sgppl,Ptgrl,Asahl,Acerl,Asah2,Acer2

sphingosinzd sphingosine-1-phosphate metabolism (As a Product)

MGI }

enes: Sp ,Sphk2,5gpl1,Sgppl,Ptgrl,Asahl,Acerl,Asah2,Acer2

o v o . - " ate metabolism {(As a Reactant)

hl,Acerl,Asah2,Acer2

HN-acylsphingosine
amidohydrolase 2: Asah2?
alkaling ceramidase 1: Acerl
HN-acylsphingosine
amidohydrolase 1: Asahl
alkaline ceramidase 2: Acerd
35123

MouseCyc Pathway

2-trans-Hexadecenal

HADPH
H-l

HADP*

phosphate lyase 1: Sgpil

prostaglandin reductase 1: Pgrl

palmitaldehyde

13127
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MMAP Features: Links to curated
pathways, genes, and proteins

|Metabolite Details: lanosterol
|Compound Common Name: |anosterol

[Molecular Weight: k26,724
(Chemical Formula: Eg gg; GI Celebrate 25 years with us
(01) v 25 m_k

e e e "Mouse Genome Informatics

Search ¥ Download ¥ More Resources v Submit Data Find Mice (IMSR) 3£ Analysis Tools Contact Us Browsers

Smiles Notation: CC(C)=CCCC(CICH(CCC2(CHCICCCA(C(CHCICIO)CCCCNCICCTC2)=31))

CAS: 79-63-0

PUBCHEM:

125200754 MGI is the international database resource for the laboratory mouse,
lanosterol biosynthesis (As a Product) Keywords, Symbols, or IDs providing integrated genetic, genomic, and biological data to facilitate
MG the study of human health and disease.
L J o — — -
. = I i ! ]
Genes: Lss e Or use topic specific search and analysis tools: R e |
(As a Reactant) e e EE— 1
{ MGl ) - Genes L
13 ] P
Mousecyc Pathways: (Genes: Sc4mol Hsd17b7 Ebp,Dher7 Sqle Fdft1,5c5d Lss
y ys: holesterol bosynthesis | (As & Reactan) [ Phenotypes & Mutant Alleles

MGl }
(Genes: Cyp51,Scdmol Hsd17b7 Ebp,Dhcr24 Dher7 Sqle,Fdft1, Tm7sf2, Schd Nsdhl Lss
holl | biosynthesis Ill (ia desmosterol) (As a Reactant)

{ MG }

[Genes: Cyp51,Sc4mol Hsd17b7 Ebp,Sc5d,Dher7 Sqle, Fdft1,Tm7sf2 Nsdhl Lss

E Human-Mouse: Disease Connection [EETA

Gene Expression Database (GXD)

Recombinase (cre)

MMAP Metabolite Details —
H Strains, SNPs & Polymorphisms Come celebrate with us In Bar Harbor, Maine on Oct 30th.
Click to Find out more, or email mgi-help@jakorg
Vertebrate Homology
Pathways
‘What's new at MGI updated July 31, 2014
Tumors « Improved representation of genes organized in clusters and alleles
involving multiple genes. Rea
Batch Data and Analysis Tools * Gene Detail pages feature a new "Interactions” section describing
microRNAs with which the gene is known or suspected of interacting.
] Read more...
L Nomenclature

#« The Phenotypes, Alleles & Disease Models Query Form now offers new

M O u Se( :yC @ M ( ; I features, superior performance and the ability to sort and export

Getting Started:

MC {International Knockout Mouse Consortium)

H P
M O u Se M I n e M G I ® Introduction to mouse genetics jar Q allele and derivative allele nomenclature. Read
* How to use MGI v

® The mouse as a model of human

http://www.informatics.jax.org/

Y Hst =
- MGI Statistics More MGI news
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MMAP Features: Links to curated pathways, genes, and
proteins

$0em $0@u 0@ 0@ ;0w
D Symbol Name Type Chromosome
Details: sphi i
< cﬂ:,‘.::,: Name: s MGI:1261415 Sgplt sphingosine phosphate lyase 1 protein_coding_gene 10
[Compound Synonyms: Sphingenine,sphingosine - -
Molecular Weight: 299.496 - - MGI:1277124 Asaht N-acylsphingosine amidehydrolase 1 protein_coding_gene 8
(C 18)
" ; -
Chemical Formula: IH 38) - — - MGI:1316649 Sphki sphingol . . .
R - Genes listin M Mine@ M
MMAP Metaheolit€ Details | w0 v 2ENES IS ouseiine
-
i hing i rodu _— ) .
(MGl } 5‘” : saproducy MGI:1861380 Sphk2 sphingosine kinase 2 protein_coding_gene 7
Genes: Sphk1,Sphk2,5Sgpl1,Sgpp1,Ptgrl,Asahl,Acerl,Asah2,Acer2
X and 1 ism (As a Product) - ,',
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and 1 (As a Reactant)| -
- P d
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- - T
- - - ,l 1
- M2135 5 ﬁn;‘ ] hinnneina.1-nhnenhata nhaenhataca 1 nrtain_coding gene 12
Gene Ontology Enrichment - - ‘¢ b 1
GO terms enriched for items in this list. ""'- “ '
- : . .
Atlitems invour st have beon anaivses. 46" | Anatomy Enrichment »7 Mammalian Phenotypé Ontology Enrichment
SR BRI LS [ Anatormy (EMAPA) terms enriched for itams‘}ﬂf{ﬁ list{ pP terms enriched for items inthis list
Holm-Bonferroni ~| | 0.08 - P ]
Background population MNumber of SequenceFeatures in t@ﬂﬁ not analysed Number of SequenceFeatures 'l M O use M | n e @ M G I
Default change Test Correction -value B Test Corraction ]
g Holm-Bonferroni -] | 0.05 N | Term Enrichment Analysis and
[ GOTerm Holm-Bonferroni j 0.

e m— — I Associated Disease

J— . View Download

:0006665] ] rm p-VYalue !
= o EmaraTo Valuef| :- Phenotypes

dicl metabol GO:0034311 — - . MP Term
D) CER T Sl : O atrioventricular canal 0.010266

0 sphingoid matabolic process [GO:0046518) (]  abnormal sphingalipid level [MP:0012230] 0.036130 2
o e lipid rr '
[GO:0006643]

[C] abnormal ceramide Ia'"el [MP:0012232] 0.036130 2

(1 polyol metabolic process [GO:0019751] '
i
“ 0=l $0®W 0= s 0= 1 : 0@ $ 0@
Base Annotations Subject w Ontology Annotations Ontology Annotations
ID Symbol Subject . Symbol Background Ontology Term . ldentifier Term Name

MGI:1277124 Asahl<tm1Esc>/Asahl<+> involves: 12951/5v * C57TBL/6 OMIM:228000 Farber Lipogranulomatosis




Summary and Future Goals

® Provides a computational metabolomics platform for
JAX researchers to incorporate metabolomics data in
their research. Will be available to the community as
well

® The automated pipeline is modular and can easily be
extended to experiments to include different factors
(e.g. Mutation, Drug, Disease etc.)

® Currently the genomic annotations for mice are
available but it can be easily extended to other
organisms with Biocyc Pathways (e.g. Worm, Fly,
Yeast)
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Metabolomics of Peripheral Neuropathy
Team
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