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Overview

The unicellular alga Chlamydomonas reinhardtii is an important eukaryotic model organism for the study of photosynthesis and growth, as well as flagella development and other cellular
processes. It has recently attracted substantial interest in the context of bio-fuel and hydrogen production. In the era of modern high-throughput technologies there is an imperative need to
Integrate large-scale data sets from high-throughput experimental techniques using computational methods and database resources.

ChlamyCyc provides a curated and integrated systems biology repository that will enable and assist in systematic studies of fundamental cellular processes. The ChlamyCyc database and
web-portal is freely available: http://chlamycyc.mpimp-golm.mpg.de. It provides comprehensive information about the whole cellular system of an single organism on all levels of

molecular organization.

It was assembled using an integrative approach combining the recently published genome sequence, bioinformatics methods such as orthology and paralogy assignments, and
experimental data from metabolomics and proteomics experiments such as metabolic profiling. We also analyzed and integrated a combination of primary and secondary database
resources, such as existing genome annotations from JGI, EST collections, orthology information, and MapMan [1] classification.

Metabolomic network analysis and visualization Gene report pages

Home Browse Database Summary Database Blast MapMan GenomeBrowser Search GoFORSYS Downloads

Based on the adopted MapMan ontology and high- In addition to to pathway
throughput “ omics” data, we reconstructed the Pathway Tools Query Page | information, comprehensive

metabOIiC netvvork and bUiIt a pathwa_y/genome Select a dataset:  Chlamydomonas reinhardtii v | 19 available | gene_based annOtation

database for Chlamydomonas reinhardtii with « Genome Browser: (cHaropastachamosome’~] _submie | (88N including sequence data,

i Pfam PFO1704 21 440 375  UTP-glucose-l-phosphate uridylyltransferase
Pathway-Tools Software [2] 12.5. It currently + Query (iiby namearecs 17| —r" Pomainimtormation TS D 8 e ik UToumetsames wpiasems domain annotation,
Gene 3D GIDSA39055010 70 36 de-dT
features: I e e e e e R e—rs MapMan annotation,

separating them with commas. biological_process

+ Browse Ontology: Fathwa: GOFORSYS - ChlamyCyc e e eyt orthology and paralogy

®* Each dataset contains classification Home Browse Database Summary Database Blast MapMan GenomeBrowser Search GoFORSYS Downloads rylase. Protein involved in cell wallimembraneienvelope biogenesis. Motz that the - - -
compounds, and for genes. Select anisms from Bifidobacterium, yeast to Arabidopsis is better than between them and I n Orl I latl On reaCtI OnS
transcript is also shorter than the ones in other organisms.predicted to be plastidic |[C1TS: b ) b )
m/ Login (Optional): Why Login?

C. reinhardtii Pathway: sucrose biosynthesis = Create New Account | Help . -

. 0 eptide support, links to

o 270 Pathways * Cellular Overview Diagram/ More Detail | Less Detail | Cross-Species Comparison | Download Genes | BioPAX format actions p p pp .
genome browser, primer

o Choose from a list of all | Pz

Pathway PathwayClass PathwayType AssociatedDiseases

® 1395 R eaCti O nS ] 6 9 1 9 E n Zymati C R eaCti O nS ’ L-i ns:i ljrjl::g‘ ::::::::trmat |3_D_glumae_ﬁ_p:::;:;s EE;:E%M%EWS Eﬂ?artzﬂtgﬁnr:te METABOLIC WM i nfo r mati O n an d exte r n aI
I - ®* History uf_ updates to this d_atas 2 :alacise Carbohydrete
® 14 R eg U atl O n ¢ Pathologic Pathway Analysis (i m-n-glums;ﬁ-phnsphm netabolism Metabalism METAEBOLIC N . .
. Phosphoglucomutase, plastid ducleatide sugars Muclecotide d atabases I S p rOVI d ed by

Blast Search search for sequenc
P 1024 ‘ Ompou nd S E farm: GPMia netabalism Metabolism METABOLIC N
= = FPhaosphogucamutase possible starch and Metabalism of
. + Comparative Analysis Epp e gene centered report pages
phosphoglucomutase: e_gwi¥.27 157 1 netabolism Carbohydrates METABOLIC A "
() ro el nS ®* Generate summary tables that com 5420
v onyms DeltaG Spontaneous ECNumber

- Help | Advan w-D-glucose 1-phosphate
tRNAS, rRNAS, microRNA 8 zl e
® ] ) -_— ] UTP—\ UTP-glucose-1-phosphate Iylyltransferase
Contact chlErmy ey e @ i - o — T : .
Contact chlamycyc@mpimp-golm.mpg.de Lll_zjrd:-lglltr:g:rfsaﬁsphate LI&F ylyltranste rase null nia EC:27.7.10
diphnsphaie—‘/ uriclylyltransferase: aF2 1ate uridylyltransfe rase
glucoze-1-phosphate null nfa EC.27.712

uricdylyltransferase:

estExt_Genewise'W_1.C_150146

Comparative Analysis Lo RIEEEE

UDP-D-glucose

// Description Sequence_Link
wls: UGP | UGP (UDP-gluccse pyrophosphorylase); UTP:glucose-
transferase | chr3:7497653-T54021 REVERSE
ess

get sequence

fructose-6-phosphat
h\ sucrose-phosphate synthase: GTR?

We are mirror for 20 other pathway/genome databases
from the BioCyc [3] family. This brings the possibility to B B -

compute comparisons across 18 organism, including 12 % .
plants, yeast, mouse and human

=3 Legend for Pathway Diagram

§ Contact chlamycyc@mpimp-golm.mpg.de

&

3 GOoFORSYS - Chlamydomonas reinhardtii
&

MapMan annotation Genome Browser

lllllllllllll
Searching: Search usin a gene name, locus, or other landmark. The wildcard character * is all d

MapMan is an ontology developed to capture the functional We have implemented a Chlamydomonas B
capabilities of plants. reinhardtii specific genome browser based on iz s |

the GBrowse Software package [4] to providea == =" I

We could annotate 5.277 proteins (including 76 organelle- . . . ; , ,
X ( J J detailed view of the nuclear, plastid and S |

encoded) into 681 non-trivial MapMan classification bins. . . S
mitochondrial genomes. o 0 S

Scroll/Zoom: K<) == [Show 30 kbp ~|=F 203 JIFlip

|
. . . . 300k 295k 298k * o5 2| o3 29 290k zamK & gk 280 gdk 28 |k B 0k 77 76l 7 7ok Zrex ZTAK 270K
B H)GI 3.1 Genes
| h Vi I|Z 10N f hl m mon N XDr on | e S——— ] QL L HUALJA D A [y
1o56@ 15308] welE> e G R S R A 4a
Chlamyld: 169679 Chlamyld: 165555 Chlamuld ;1853526 Chlamyld: 169674
& guH.1.761.1

experiments with MapManWeb is directly linked. The GBrowse window can be used to display S ATRYCIREED It A i e

21 |133929700 | gb | EF498655 .1 |EF498895

user defined combinations of 30 tracks samonns | *_gwh.L761.1

ianm_ 11111111 Chlamyld:101657 Isnr.ln_ 11111111

Including gene and protein annotation, various it U m

chlamycyc

RNA-species as well as the EST and peplide

m
Home EBrowse Database Summary Database Blast MapMan GenomeBrowser Search GoFORSYS Downloads EEEST (JGI)
= U S i A S0 A S ) g
—={] AN
- - . 11 (AR ANRAANATS Nl
=] (8 20 T I 0 o
MapMan functional categories Display Datasets d I t t Pty A ot o
anda external annotations i M e
-y [
Here you can Browse the MapMan Tree of functional categories (BINs) and see which Chlamydomonas You may also want to display datasets (e.g. gene expression data) " ha)
genes are annotated for that MapMan BIMs. onto diagrams of metabolic pathways or other processes using the Z&,Fﬂ
apMan Software. You will see the genes as colored rectangles,
Maphan S oftw Y ill the g lored gl o
open chlamyld: _ MapMan Description ~ arranged into the BINS. This make it easier to compare the gene ;0
expression under different conditions. ¥You may also upload you own E
- . BLAS ¥
esults:
SealC ’
E H Pept
(3 MapMan Tree (open all) Higpler_z26 Hipo 54 Hip 3671 Meckuerth e | 2367
L Hippler_23671 2172 Weckwerthlab 1951  WeckuwerthLab_1992
O S Cofrt T gefes I ] ]
= 1: P5 {open all] {get Sequences) M M 1 t | I b - - rlppler‘_ESG?L_?OlOZ} II.]'e mmmmmmmm _1900
' o - e N0 WViabivian 1stievernilns 1! YNIM s 1IN aNIiAarnmMmAanm T WA I AV 1AV eCIAnam T TIZe sckuerthLab 1989
B 11t P Lahtresction (open LU (get Sequences) apMan 1st level bins We have implemented a web version of the J
- ) ) i 2= ) B @ H DNA/GC Content
-3 1.2: PS.photorespiration (open all) (get Seguences) f g \L Prava f“‘- e I o] 7t
E &5 1.3: PS.calvin cyle (open all) (get Seguences) - ,f'»\,wz\f’mf"vf B NP N NS TR AT T M_r,\---m\.\.—\_,ﬂ')‘wf'\_,a-"”\\_;«u.f"*v’""u Vit .r,a'“'"‘»\,-’”“‘m_ AA otV
) . i / Aot T A antalilhyed N et T e e v by nilbnilli % a7
3 1.3.1: PS.calwvin cyle.rubisco large subunit (open all) (get Sequences) 1PS S an ar SO are O SearC agal nS B E B Frame usage
3 1.3.2: PS5.calvin cyle.rubisco small subunit {open all) (get Sequences) : ab : 189679 183528 101657 183526 | 189675 AN 159674 | ARADA AR AN ARAH AR e I
B &5 1.3.3: Ps.calvin cyle.phosphoglycerate kinase (open all) (get Sequences) 2 m_ailor CHO met OII_Sm - - s RN : o e HHES T T e - SIS
. -frame transiation
FERG b e 3 minor CHO metabolism more than 40 sequence databases including e L0 A1 e 10 10 1k
D JGI : 196383 Cl‘l-l-aml_'flcl_'f.': : PGKE 1 Pl‘lDSDl‘IDq‘LVCEratE kil‘laSE| CVTDSD-L:LC -FD rm 4 egCOIySiS EI.:III IIIIIIIIIIII ";IIII'I:I:I IIII:IIIIIIIIII ! II:I'IIIII' : IIIII.'IIII III.III:I.IIIIII:IIMI IIHI (N} Illlu:l :Illllll:;llll IIII III e 1 ! II.Iilll:lIII II“ILIII:"II“ I"II II”:IIlIIIIIII I:IEIIIIIIIIII IIIII:IIII I:I'Illllll II II il:I II ' :I" II I" ::” ITI:..IIIIIII:I.I"Il IIIII:T 5 IIIIIII:l:"I:‘i:II:II“lIII IIII:IIII I:III:‘II II:IIII: IIII III.Il:lI :I .Ill:lll.lll : I ]
- TR
[} J6I: 36313 ChlamyCyc: PGK1, phosphoglycerate kinase,chloroplast precursor i - o o
e e R gl S e e g B B e e A TA T A Y AT A \V .V O AY A A TTATYY. V. EEATE EATAY ATAYATAYTAATA YT A2YT2A4A\Y.V QA 22T [ ing
£2 1.3.4: PS.calvin cyle.GAP (open all) (gat Sequences) 5 fermentation those prowseaple with the genome browser.
3.5: C Wil cycle (ope 1 (ge equences ) B Tracks
e e eruiaie Ll e L o e SN 6 gluconeogenese/ glyoxylate cycle & Region 1l [ Alof
3 1.3.6: P5.calvin cyle.aldolase (open all) (get Seqguences) ] o . _ o .
. L o S o = ) R 7 OPP DNA:Genes Transcripts:)GI_3_1 Transcri pts RNA:SRNASD Proteins:Organelle-encoded Proteins
. 1.3.7: Ps. "a-l"':?'n cyle.FBPase (open a-lj-l" (get ':?r-:-EI|LI-:-I'|-. =2 ) DNA:Non Nuc lear Genes ~ [Ipna PLN RNA:micro RNAS Proteins:Organelle-encoded Proteins
F gt 1.3.8: P5.calvin cvle. transketolase ( '?":"5'” all) (get Sequences] 8 TCA / org_trar]sformat'on DNA:JGI 3_1 Transposable elements RNA:scRNA EST:EST (Genbank) Proteins:Peptides
[afz V. i) Pioealuan cy e smiheptutos: Fisphaspta @ e qoowrn al ) [y ey eices) DNA:JGI 3_1 Low complexity Regions. RNA:SNRNA EST.PUT (PlantGDB) Peptides: WeckwerthLab
I,y L. lU: Pi.calwin wyle dioSP fsomecase (open dLu) oged. Sagdences) 9 mt e|eCtr0n transport / ATP DNA:GSS RNA:tRNA EST:EST (JGl) Proteins Peptides with questionable mappings
3 1.3.11: PS.calvin cyle.RPE (open all) (get Sequences) I DNA:HTG RNA:srnaloci EST:EST Cluster 171
£ 1.3.12: PS.calw:n cwe P ‘gper all) ey teaences) SynthESIS DNA:STS RNA:SRNALOO EST:EST Cluster 210
3 1.3.13: PS.calvin cyle.rublsio 1nce aClany vOpeh aloy fget Sequences) 10 Ce” Wa” BDNA *Alfon Al off
1.4: PS.reductive PP - - .. . |Gl 3_1 Genes /1]GI 3_1 Transposable elements GSS
55 ‘—_:I - CII-IIJ':{ LII_'t :ILI"T.. ] = 11 Ilpld metab0||8m Organelle-encoded Genes JGI 3_1 Low complexity Regions HTG
Z: major U metabolism [open a Tget Sequences] . EST [lailon LAl off
3 3: minor CHO metabolism (open al [get Sequences) 12 N'metab0||sm EST (Genbank) JIEST (JGI) EST Cluster 210 (JGI)
- 4 Ell}"i':'l}'Si% I3'1'I3_"’fn all) ff_l"_ft Sgfilences ) _ 13 amino acidmetabolism PUT (PlantGDB) EST Cluster 171 (JGI)
3 5: fermentation (open all) (get|[S&quences]) 1« c o Proteins [ Al on []All off
3 & gluconeogenese/ glyoxylate cffle (open all) i(get Sequences) 14 S'aSS|m|Iat|0n JGI 3_1 Proteins /| Peptides Peptides with questionable mappings
=3 7. OFF (open ally | get Sequences 15 metal ha.ndllng Organelle-encoded Proteins Peptides: WeckwerthLab
CJ 8: TCA / org. transformation (oj all) (get Sequences) 16 secondar met oIism lfM Allon [ All off .
ab PLN snRNA  [lsrnaloci SRNASO
Contact chlamycyc@mpimp-golm.mpg.de y ) GoFORSYS - Ch’amyCyc SCRNA ERNA /| SRNAL0D /| micro RNAs
B Transcripts | Al on [ All off
17 hormone metabolism .
_ 1 1 1 JGI_3_1 Transcripts
18 CO fa‘Ctor and Vltam'_ne metab0|lsm Home Browse Database Summary Database Blast MapMan GenomeBrowser Search GoFORSYS Downloads B Automated features [ |Allon [ Al off
19 tetrapyrrole Synt hesis CHLREDRAFT 32796 7| Chiamy ID +/\DNA/GC Content V| Frame usage /| 6-frame translation
CHLREDRAFT_78737
- Is In PTool . .
20 Stress CHLRECRAFT_fi1483 Iz Ann}fmm[JZrSe I 1 Width Highlight feature(s) (featurel feature2...)
. CHLREDRAFT 18029 . mage Wi 1gnlig eaturels eature eatured...
21 redOX.regUIatlon CHLREDRAFT 119219 J|PTools Gene ID HEL = 450 C 640 Ogoo O 1024 ®1280
. . - PTools Gene Synonvms 7 Track Name Table Highlight regions (regionl:start..end region2:start..end)
22 polyamine metabolism ynony Cache tracks Alphabetic ® Varying
. o . PTools Gene Comments 7 Key position Region Size (bp)
23 nUCIeotlde meta.b0|lsm, PTools Protein 1D e Between Beneath '/ Left ' Right =
: ; ZIShow tooltips
18 25 C1-metabolism PTools Protein Names P
= Add your own tracks
19 26 mISC PTools Protein Comments Upload your own data: [Help]
Other Synonyms upload a file Durchsuchen... Upload New...
35
27 RNA xi MapMan BINs Add remote annotations: [Help]
28 DNA 7| MapMan Annotafions Enter Remote Annotation ur. |
29 . /| Protein Sequence Note: This page uses cookies to save and restore preference information. No information is shared.
: Generic genome browsar version 169
Y protem Genomic Sequence

23 30 signalli
el o Search and download

25 33 development Chlamy

26 34transport Given ID D PTools Gene ID Mgm‘l:n MapMan Annotations
35 not assigned CHLREDRAFT_ 149366 (149366 |CHLREDRAFT 149366 [2.1.1.2 fﬁttléichirsnrij_g;r?ﬂ:‘eosis_sucrose.spp MLQKDPATGVFTAKAHLPPGQYSYVYVVDGNVVTOPGLQ TYPDAEY GDVHR AII data are Searchable In Varlous WayS and are

CHLREDRAFT_ 189596 1895968 |[CHLREDRAFT 189596 (2112 2112 - major CHO MLYVSDLDHTMVQNEDPRHTHLLAFNALHSKASPLLOYVQAQEEAPLLTPHVLICE

metabolism.synthesis.sucrose SPP . f I I . I
CHLREDRAFT 105328 |105328 |CHLREDRAFT 105328 2111 2111 - major CHO GAFVRLPAGPPMVYLKKEDLWPHVREFADRAQAHVAAALARLGAAGQAAELY prOVI e Or Own Oa - .g "y One Can ea,SI y

metabolism.synthesis.sucrose SPS
CHLREDRAFT 101274 [101274 |CHLREDRAFT 101274 [4.1 [41 - glycolysis UGPase LEAPGRLAKAPDGNGGVYLALARSGLLEEMAVAGVEALDCYCVDNALARLGDI d I d II - I d - t -
CHLREDRAFT 32796 (32796 |CHLREDRAFT 32796 (101120 [10.1.1.20 - cell wallprecursor MVRKGVIIGVGAAVAAGGIGLYAYNVLKNSKNGSDAPAEAATATREAPAAAPAS Own Oa. a. Sequences |nVO Ve In a. Cer aln

synthesis. NDP sugar

34

33 2 pyrophosphorylase.multiple " " "
NOP Sugars pathway or 1ind all proteins annotated Tor a given
30 29 |CHLREDRAFT_?8?3? |?8?3? |CHLREDRAFT_?8?3? |-’-1.l |4.1-g|ycolysis.UGPase |MAGDFMFEAKMKMNLSQMIAAFKKNYDQLVAGVTGMVHEHDISSADGLP‘I
|CHLREDRAFT_81483 |81483 |CHLF€EDR;"—\FT_81483 |4.2 |4.2 - glycolysis.PGM |MMLSSKVHTSFEF\SVPF'iSAKSF\.VF’FTGVRRGTSVRGSF\SMAF’V&GVWKPVP_ -
. . ‘s . [CHLREDRAFT 18029 [18029 |CHLREDRAFT 18029 |42 [42 - glycolysis PGM [MAPVAGVTVKPVPTKPYEGQKTGTSGLRKKTKEFMQPNYLANWVQSLFNALG MapMan an nOtatlon_
AnnOtatlon Of Chlamydomonas relnhardt“ prOteInS Onto MapMan |CHLFEEDFEAFT_119219 |119219 |CHLF€EDF€AFT_119219 |4.2 |4.2 - glycolysis.PGM |LQNGSD|F!GIALEGVPNEPVTLSAGA\."FF|GVAFARWLRSKGHSAPKVSVGRDF

bins.

We present an integrated analysis of the molecular repertoire of Chlamydomonas reinhardtii. Bioinformatics annotation methods combined with GCxGC/MS-based metabolomics and
LC/MS-based shotgun proteomics profiling technologies have been applied to characterize abundant proteins and metabolites. Based on the adopted MapMan annotation and high-
throughput © Omics” data we reconstructed the metabolic network and built the pathway/genome database ChlamyCyc. The web resource combines network analysis and visualization,

seguence analysis, and genome annotation.
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