S A IR8EREE) 57
fae:
201946 A7 BFAI0

Kem Unlversny @E*ﬁ%* * ﬁ*#
¥
T565-0871 ARMEUETILAEL 1-1

OSAKA UNIVERSITY www.osaka-u.ac.jp

TEL: 06-6877-5111 4%
NC C “’4, Jme TOkyO TechXRXZE

-

HERBRR RERRDY IREREDH Y
AR | "W A &

#

AR ERITHRCIEE L THS Nature Medicine Hid,
UTORYREREZRELIHYET,

TV-5U%-WEB ---6 B 7 B(&)4l 0 B ( B AR:R) 201946 A 4 H
5]

-6 87 8(&)HT (AR

ﬁ@%'in‘ﬁﬂ—?'lﬁ?% F—O—R: KEHNA. LEFEFRN A ART ) LR, ARRO0— LEEHT

A5 e ASFO— LRI K I8 A R R e

~Eh o KEhAZEFHICZET SHFEM~
[EER%:6 A5 BOK 11 K 30 H~CEIHFABHRL4—FiF v /18R]

A N

N

(WA R DRA ]

& KENADEINAICEET 2MEEZRR
& BEE ZRRN)-TRE). HEALAY BENA. ETHNAENEL(616 15')!:\ EERANTARYT /A
A2 EARARO— LRIT S HATOCLICLY, BEF LKL THADETERE TERL TOSHIE LR EY

BERE

& KBAADOBEEZHT O T, KIBAAIZRDRIITEEETS (EHIER )~ B EAEF

< g

ARKE REREFZRHARBOASNH

—HFBRDAT/ LIERE. FIE LA
REVA—MRA-I=vbR)EERITEK
¥ AmET¥R AmEBETEROILEER
EHR. BRKRE EREHER N/ L
@t a— 5/ LAERESEF (BN
REUA—RRAT FE) DEBFELBR. B
EHZBRZELmEMBFEHRAOEHEER
BEZBOOMRIIL—TIE. £RR—T
(RE) P KENADEESAETRIC, RiE
EEUNELARYT ) LEHTOA RO — LR
ETWELE, ZORER. 2RR)—T(RE)
PEEICRHOKRBELA (FEALA) BEE
SADEFRICHFENGHECREDEZRE
ELELE,

NFETEFTRBIPADEEIADEER
W=ART ) LRRTIZRY, SHoDET KRG

‘= i
#* Solobacterium moorei

—~
~=/ 7" Fusobacterium nucleatum

° ' i ;
Bile acids ' 7 3 E ilophila wadsworthia
S¢ p

| &
| 4 i :
) Ammn acids | « Actinomyces ; y /I Parvimenas micra /: A
Alopobium parviumifi c; | AZodonfolyticus, /= Peplostreptococcus stomatis | . olsovalerate
— l | | ) i g =S / ¢

KU~ (R BHAAA B

RF—20 ZF— 1 ZF—S AV
B 1:8fADZBRERNALBENREOES
R)—T (BREE) Do HERD A LB BH DA A (Stage /1) . EITHA
(Stage II/IV) NEELITDONT, BIEY HHE B EW (Bile acids: fBit
. Amino acids: 7=/B4. Isovalerate: AV EEBAE) (XA 4TIV IIZEE)
5. KHMETIE. KBS A DN (BRIE- HIRRAA) ICEES HHE LR
HMELFITEFESNT,

ATEHIERREEEINTOELED, FINARE CTHIRBOHIEARNN A, THRDERENADFIEDH]
HIERE T MRS OV TIEBRBASh TWEEATLE,

SE. ARNBHERSOHETIL—TE AT ) LBTIZEVREEESLRLT, BFIAARE CHBERNAEZET
BEESADBICEHMAEBEEELEIECNA T, ARO— ABTETICEICLYRH EIDETES)IC
HSBARBYEOEELRE L. KENAFIEICEET 2EAREZHALNCLELE, ZhizkY, KBV AL
EELPLTVWERIRESEALHNERY, KENADFIHICOENIBEFOAETEECENRIEEZRET HILIC

FUKRBEDNAEFIHT DEHERNVAFINETT,

AL R, KERZEE Nature Medicine]l=. 6 B 7 B(£)0 B (B ABREDIZABESNET,
AHEIZBELT. BAH 6 B 5 BICEIZAAME L ZA—FEMF v /RXZHNT, BB RRETVWET, 8IELED

DR, KALBFENEL ETFT,



Press Release

Kem Universit
S&“\M&@% ' H Buxgzh KRKAZ
« ; g? T565-0871 ARRFWHETLARL 1-1

TEL: 06-6877-5111 &)
f\® KA GAW A NCC % o ?q_@ $Tokyo Tech KPR AXZ

OSAKA UNIVERSITY www.osaka-u.ac.jp

» HROEE

KEDAILBIAZIRE, BATE—BLZWDALERYELE, BELREEFTEEORKENZTDREEEZSN
TWETH, TFOANZXALIZBALMTIEHYEE A,

Eh— ADHIIZ UL 37 KET, Eb— AHEYDBERME LS LZ 40 KEEEH, ESICLTH 1~1.5 kg
ESNTVET, ChoDBBENHEZEOINNREMEBRBRERLTEREBEERT DL, TKAIZE>THMND
TEFEL, 2012 FIz, OEERTHEEROBEREEL THDNSD Fusobacterium nucleatum (7Y /85F)7 L - XL
TRL)D, KEBNADBESADBERICHEEMICEHEFET HENRESN, CNETITRIESNTOET,

KEHSAIE, REBRI—TRIE) . MERILAER TETHAANEERLEST (ZEBEIL/AL) (B 1), CNET,
HETLERBENAIZEWTEE ST SR IEVDONFESNTETELED ., ETHAIZRIFIDRAT—U T, KEBARY
—JURE) CHEALALEET HflECPRB#YEIFMOoNTWETATLE,

’:’ Kﬁﬁ.’j-% 0) E‘Z % b Atopobium parvulum Actinomyces odontolyticus
8e-04
/T IL—T Tl BN AHERE + 4+ 4+
Va—hnEly WARER (GIRE B 0 -
B)E2BL. KBRRERE (KBS .
[ +
AZ)EZITT- 616 BADZHRELZHE 2e-04 At -+
HBELELE, REEOEER B L +|
EIZEAT 270 7r—MRAER. BFEE. 1e-04 2004 | .
KB PR SR T A 575 & OB PR 1 8 HE e l el
FINELEL, RRIEXRZ(LH o | == - e { " .
TREEHIRD) P B EE B A P S e e S R

EMHFRANBEEFATEER  ® 2. 544008 REOBERSA) SEIL, 54 OERELLITHOT HEE

D)EHF T, RIGEODART/ LB (resem)

EAGRA—LMITETV BADRAT s g IBAOEBERE +:P<0.05. ++:P<0.01. +++:P<0.005 (i

TYCLRBRREORREREL  gumhommedgEsT)
=

ZOER. NADAT—IICE>TERICHERBL TV IIERMENASCERLIENMELZ(R 1), FHIZK
BNADE BRBEENABREICENT, KEEAALEREY SMEIC DN TRECZ DDONREZ—UIZDTHIENTEEL
1=
B HEALNADFENSEIL, BROETELEIZ R T IMETT, £<I& Fusobacterium nucleatum
x> Peptostreptococcus stomatis (X FRAN TPV H X - AN T4 R) 70 E, B EFT REBNATERLTWNSIE
NREINTVOSHETY .

B BRR)—T(RE) CHEBEANADFEITOH EFLTWSHIEEL T, Atopobium parvulum (7 hRE
D Ls- 78V TIL L)X Actinomyces odontolyticus(FOF /A LR - FRUN)FAAR)DNEFESN(E 2). Shonif
ARG ADFIE M HAICERE S MBI EINEL,

Bifidobacterium [&(ET74XAE) DHIEE L. HERSADKTEATRDLTWVEL, BB EARELT
Hi5hd Lachnospira multipara(Z%./ REZ - X ILF 135) X2 Eubacterium eligens (77N 71)7 I TV X)) (&,
HEBERNADRERNSETRKBNAICEDRETREDLTOEL,

SBITARO—LEITIZEY, BRMEGECL2RHDEEREAAVDRAT—UTEITEITLELZ, ZDOFEER,
ZHN)—T(RBE)EFTIEEIAICIE, TAF L O—ILBEWSIEABINBERNICZNIEAELNERYFELS,
FEHBEANAEBETDRESAE. BEELLBLT 7I/BTHI/O(0 0420 N TTZLT 5=



Wi Kem Universit N
@m@ﬂg@% ! H Exxziai KERKE
« . 5 o g? T565-0871 ARRFWHETLARL 1-1

AMED @ iy S TEL: 06-6877-5111 %)
Press Release VS sk NCC % w & TOKyOTeChAIRAZ | www osaka-uacp

NIVERSIT OSAKA UNIVERSITY
CFRVY TV UMMERIZEMLTOELE, — A AR TH IV EERTC [FET KBNS ATEML
Tb\ibf:(@ 3).

CNDDREDART ) LT EAZRO— LT OT—2%&fAEhE. BAME. BRMEHXELGTFEERN
REDEID HERNPADEBESALE TN T 2LOOBBFERETILEEBLELZ, COETLTE, 7
ZVTIZVDARIZEAET 2:EEFX Desulfovibrio longreachensis(TRILKRETA - ) —F o X)),
Solobacterium moorei(HO/NITV)I L L—LA)BREDHE. B4V /N TTZIT IZURBEDTI/ BN
FELTWELEEHFEREF),

F ETRBEPADEBESAEZBETEN T ODOEMFE ETILBERLELZ, TELOETILTIE, EIH
& (Parvimonas micra(/XILEEF X -32497). Peptostreptococcus stomatis. Fusobacterium nucleatum *°
Peptostreptococcus anaerobius(XTFhRAN Ty AR -7 F IOETR) ) MFEL TSI EN P MELS,

COFIIZRLCKRBAAIZENTH, MIDETEICHO BRMBECERNREYEEIRESELRDLIIENHALS
[ZRYELT=, MNA T, ART/ LT EAZRO— LR ZEAVTIBAARBEDOBRNRE I LAERASNELE,

-

by D RERERS S
FAFLO-ILE JUoo—ILER 00— B T/ EEEE
15000
+++ e+t ++4
[ 15000
toooo| B 4000 +
10000 | T
5000 - ' 2000]
“!I*ﬁ 5000)| I | ‘ 5000 I I
| ,illn
™ e Dﬁl n‘ u-l J |
H MP 50 SISy H MP S0 SU11SIIIY H MP 50 SWISIINY H P 50 SUM SIILY
Tz R
ey - PR FERT I/
AP AR F=oIEE T FHLL g SIS
8OO0 20000 25004 5000/ 25001 30000
+++ + ++
20004 TG 4000 2000}
A900 500 | 4t +4+4 20000 |
15000 + 3000/ 1500}
4000 10000) ‘ i
10000 — | 2000 1000 | S l
zoooﬁ‘ II 500 sooc‘ | ! ‘ III 1000“ ’ Ii 500" | *!
- [
o - a b ol ali il i o 0 T
H P S0 SUTSIiY H WP S0 Sill STV H WP S0 SUil STV H NP 50 SHITSIIY H NP 50 SUITSINV H WP S0 SUll I H P S0 Suil STy

& 3. KB@HADSEREELNALAHME (HKEHD)

FI/BOSENRETI/B(4V/O/420 A4 ENYo D 3 1888 EFBFERTI/BTHAIIILTI=oEFO VI #
FERAYA (SO) DIREATHITEML TLS DA EITH D, BBTEDSE ZRIBABTHLITAF L a—ILBESHR)—T
(MP), —RREEHEETH ST I3 — /LB IO LB IFHIEAAA (SO) DIFHATEMLTL S, —FH ., DREEHERTH
BMVEERITETRENATEMLTNS, HETEFORBNEED nmol/g #77)

<BF> H:@EE.MP:LHHNKR)—T (ARIE) . SO: ¥aIEMMH A . SI/Il:Stage | & Stage |1, SIII/IV:Stage Il & Stage IV

¢ AMERENUHRCEZIEE AHEREOES

AU RICEKY, 1IEI/ZAO)H%W,%H1%@&L\l:ﬂf'éﬁ’é‘ﬂ;_/v’éb"/u%Bﬁﬁbiéaﬁi%?ﬂéﬁ:)rMicrobiome—
Based Precision Medicine IR DBERHITICAEZEEZEZTNET, . BEREDEFREBEOBEFREFMICKRET
FTHLICKY, RIEMRMEBFEZ - -LNA T BB, TN IEEXE(BRE)RE HI-LFEDEY
RILEREDBFEEHETBEMELHYET,



Wi Kelo Universit N
S, ' H EirksisA KBRKE
« ’ % § T565-0871 AMRKIRETLEE 1-1

TEL: 06-6877-5111 %
/M\\J\\\\ |\95 sv|v7¢ NCC 7,, 1353 TOkyOTEChj(WijC—T- www.osaka-u.ac.jp

(3 oL AD\O? OSAKA UNIVERSITY

% FEE

X1 MEADA
KB AEKBOMBENSFAEL, RELTHHOBRB TIIHBERIZELTOTDA, KERBIZLEZID
TREIKETRE. HE. HEETBALET D, EHRREIAK AADZEIETBETIZELE TS
MAT, BEBERDPALKEETEBHIAIZDTOND, HEEADNAEREEIZEEFTF>TORTR RO A TEHBD
WEFRWN, HEANADGE. REGQFMOMEIFERBERRE (KEBENIAZ) TORBHNAIBETH D,

K2 AR INRAT
BEWAEBEEAOE) POMERELND DNA ZHITEMEBL, 7/ LARINERMA S VIO —THIE
MIZEFTEL (25 /L SayNiv o —O IO RBFTERER) | [ERBITEFARNRBER BT (EDKSLTESE
DOIAEANDM ?) EHEBERRIT GBI FECSI D DE DK SR HEEE B I HME N DD ? ) EIT5HAM,

X3 ASRO— LT
PEOTI/BRERRNIZHIREYE ARSI HEREU LOEEEE. BEOWHEAVT—EIZAD
EDTT DD DT HAM,

X4 SHER
BADY ) LGEIGIER) . 20 /8. RBYMBZEDN\AAI—I—EANT IR RIYOT VRS ERER
[Z2M7 FRIL. NATBENSFRHERE,

X5 ERER
BRI LI REEBERH L TEBERNTELINITELARRRBYE CHIEHEIEHED—D, i
FERFBRIX KIGDFEMIED EE LI RILF—RTHY, HRDDMEIRELGEFRREON\)7HEECE S, &
BN Z VB EFELEBEBMNEML, KEXEMHETIIEMAE, RESNT,

6 AVEER
AIYNLYTUBREEEIEND, CURREETIEA, B £ABEDEFEIHDELTERICHVLLNIN, RS %E
BATEZEREFIEBICE ERFLETHEEEMEDRERFIRRELO>TINS,

[(FEREDIAVN < AHNHEER >

AR5 LRI K EIZIE HMP(Human Microbiome Project). BRI IZIE MetaHIT(Metagenomics
of Human Intestinal Tract) ELVSEEZEITEERTOC T /MBY, RFBIFEREEZFELTEELE, HAlE
TERNT/ LGEIET) IORK[THIELLITMEY I DRK[THEIZENEAINDDHYES, [HAT/
LEEINEEBINTOETA N/ LT TR ENZEDHMEH DT/ LERANBDIEIZKY, Fi=%
AT ARBREDRAENFINET,

o AHZETIEVAEbhER

<HEIZETHIE>

BAHE ZEXXBE 2208)

BIIRZEZE HEAE B#HCHLE SREARERE)
TEL: 087-891-2156 FAX: 087-891-2158

E-mail: tyachida@med.kagawa-u.ac.jp




AMED AN

\@\M@@ Kelo Unlversxty
o -
? &S
W

W\\J\\\\ S FAdS %, «\TOk)/OTEChj(WijC—?-
Press Release RIBUERR I CC

<$&5§!:F£?’%’>:t>

BIRZEZE HBBRAHRE S

TEL: 087-891-2008 FAX: 087-891-2016
E-mail: kouhou@med.kagawa-u.acjp

ExxzzA KRS

T565-0871 ARFWHETUAL 1-1
TEL: 06-6877-5111 %
www.osaka-u.ac.jp

o HEERBIE
AHFEMRE, 2019 F 6 B 7 B (£)0 B (B ARRE) IZKER S Nature Medicine | (A2 54 2) IR &S

hi_d_o

[#4kJL] "Metagenomic and metabolomic analyses reveal distinct stage-specific phenotypes of the
gut microbiota in colorectal cancer”
(& 4] Shinichi Yachida™'?, Sayaka Mizutani®, Hirotsugu Shiroma3 Satoshi Shiba', Takeshi Nakajima*,
Taku Sakamoto?# Hikaru Watanabe®, Keigo Masuda3, Yuichiro Nishimoto3, Masaru Kubo?, Fumie
Hosoda', Hirofumi Rokutan'!, Minori Matsumoto?® Hiroyuki Takamaru“, Masayoshi Yamada“,
Takahisa Matsuda®* Motoki lwasaki®>, Taiki Yamaji®, Tatsuo Yachida®, Tomoyoshi Soga’, Ken
Kurokawa®, Atsushi Toyoda®, Yoshitoshi Ogura®™, Tetsuya Hayashi'®, Masanori Hatakeyama'’,
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[#4bJL] “Metagenomic analysis of colorectal cancer datasets identifies cross-cohort microbial

diagnostic signatures and a link with choline degradation”

[E#&4] Andrew Maltez Thomas'2# Paolo Manghi'#, Francesco Asnicar’, Edoardo Pasolli’,

Federica Armanini’, Moreno Zolfo', Francesco Beghini', Serena Manara’, Nicolai Karcher’,
Chiara Pozzi3, Sara Gandini?, Davide Serrano3 Sonia Tarallo#, Antonio Francavilla*, Gaetano
Gallo>®, Mario Trompetto®, Giulio Ferrero’, Sayaka Mizutani®®, Hirotsugu Shiroma8, Satoshi
Shiba'®, Tatsuhiro Shibata'™", Shinichi Yachida'®'?, Takuji Yamada®'3, Jakob Wirbel'*, Petra
Schrotz-King™, Cornelia M. Ulrich'®, Hermann Brenner' 718 Manimozhiyan Arumugam?2°,
Peer Bork'4212223 Georg Zeller'4, Francesca Cordero’, Emmanuel Dias-Neto?*?>, Jodo Carlos
Setubal®?6, Adrian Tett!, Barbara Pardini*?’, Maria Rescigno?®®, Levi Waldron?30* Alessio
Naccarati*3'*, Nicola Segata'*" (*RIZEE@. *> =74 —%—  "EEEH)

[Fr/E] 1. Department CIBIO, University of Trento, Trento, Italy

. Biochemistry Department, Chemistry Institute, University of Sdo Paulo, Sdo Paulo, Brazil
. IEO, European Institute of Oncology IRCCS, Milan, Italy

. Italian Institute for Genomic Medicine (IIGM), Turin, Italy

. Department of Surgical and Medical Sciences, University of Catanzaro, Catanzaro, Italy
. Department of Colorectal Surgery, Clinica S. Rita, Vercelli, Italy

. Department of Computer Science, University of Turin, Turin, Italy
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14. Structural and Computational Biology Unit, European Molecular Biology Laboratory,
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Heidelberg, Germany

15. Division of Preventive Oncology, National Center for Tumor Diseases (NCT) and German
Cancer Research Center (DKFZ), Heidelberg, Germany

16. Huntsman Cancer Institute and Department of Population Health Sciences, University of
Utah, Salt Lake City, Utah, USA

17. Division of Clinical Epidemiology and Aging Research, German Cancer Research Center
(DKFZ), Heidelberg, Germany

18. German Cancer Consortium (DKTK), German Cancer Research Center (DKFZ), Heidelberg,
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Germany

19. Novo Nordisk Foundation for Basic Metabolic Research, Faculty of Health and Medicine,
University of Copenhagen, Denmark

20. Faculty of Healthy Sciences, University of Southern Denmark, Odense, Denmark

21. Molecular Medicine Partnership Unit (MMPU), Heidelberg, Germany

22. Max Delbriick Centre for Molecular Medicine, Berlin, Germany

23. Department of Bioinformatics, Biocenter, University of Wirzburg, Wirzburg, Germany

24. Medical Genomics Laboratory, CIPE/A.C. Camargo Cancer Center, Sdo Paulo, Brazil

25. Laboratory of Neurosciences (LIM-27), Institute of Psychiatry, University of Sdo Paulo, Sdo
Paulo, Brazil

26. Biocomplexity Institute of Virginia Tech, Blacksburg VA 24061, USA

27. Department of Medical Sciences, University of Turin, Turin, Italy

28. Mucosal immunology and microbiota Unit, Humanitas Research Hospital, Milan, Italy

29. Graduate School of Public Health and Health Policy, City University of New York, New York,
USA

30. Institute for Implementation Science in Population Health, City University of New York, New
York, USA

31. Department of Molecular Biology of Cancer, Institute of Experimental Medicine, Prague,
Czech Republic

RAYD Georg Zeller 5OMRTIL—TFEDRRIE, 2019 F 4 A 1 BIZKERIZFES Nature Medicine |18 EE
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[#4bIL]  “Meta-analysis of fecal metagenomes reveals global microbial signatures that are
specific for colorectal cancer”
(F#&4] Jakob Wirbel™, Paul Theodor Pyl?3*, Ece Kartal'#, Konrad Zych', Alireza Kashani?,
Alessio Milanese’, Jonas S Fleck’, Anita Y Voigt'>, Albert Palleja?, Ruby P Ponnudurai’, Shinichi
Sunagawa'®, Luis Pedro Coelho', Petra Schrotz-King’, Emily Vogtmanng, Nina Habermann?®,
Emma Niméus*'%, Andrew M Thomas'""?, Paoclo Manghi'', Sara Gandini'3, Davide Serrano'3,
Sayaka Mizutani™'>, Hirotsugu Shiroma', Satoshi Shiba'®, Tatsuhiro Shibata'®'’, Shinichi
Yachida'®'®, Takuji Yamada'™'°, Levi Waldron?%?, Alessio Naccarati’*?3, Nicola Segata'’,
Rashmi Sinha8, Cornelia M. Ulrich?*, Hermann Brenner’2>26, Manimozhiyan Arumugam??7+,
Peer Bork'42829+ Georg Zeller'+ CRIZEE#L, +BEEEE)
[ART/E] 1. Structural and Computational Biology Unit, European Molecular Biology Laboratory (EMBL),
Heidelberg, Germany
2. Novo Nordisk Foundation Center for Basic Metabolic Research, Faculty of Health and
Medicine, University of Copenhagen, Copenhagen, Denmark
3. Division of Surgery, Oncology and Pathology, Department of Clinical Sciences Lund, Faculty
of Medicine, Lund University, Sweden
4. Molecular Medicine Partnership Unit (MMPU), Heidelberg, Germany
5. The Jackson Laboratory for Genomic Medicine, Farmington, Connecticut, USA
6. Department of Biology, ETH Ziirich, Zirich, Switzerland
7. Division of Preventive Oncology, National Center for Tumor Diseases (NCT) and German
Cancer Research Center (DKFZ), Heidelberg, Germany
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8. Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, Maryland,
USA
9. Genome Biology Unit, European Molecular Biology Laboratory (EMBL), Heidelberg, Germany

10. Division of Surgery, Department of Clinical Sciences Lund, Faculty of Medicine, Skane
University Hospital, Lund, Sweden

11. Centre for Integrative Biology, University of Trento, Trento, Italy

12. Biochemistry Department, Chemistry Institute, University of Sdo Paulo, Sdo Paulo, Brazil
13. IEO, European Institute of Oncology IRCCS, Milan, Italy
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17. HRKXZE EREMEM NS/ LT 2— 7/ LERZEDE

18. KIRKRZFE REREFRTRE BAT/ LBERFE

19. MEEEIfREEE ST

20. Graduate School of Public Health and Health Policy, City University of New York, New York,
USA

21. Institute for Implementation Science in Population Health, City University of New York, New
York, USA

22. Italian Institute for Genomic Medicine (IIGM), Turin, Italy

23. Department of Molecular Biology of Cancer, Institute of Experimental Medicine, Prague,
Czech Republic

24. Huntsman Cancer Institute and Department of Population Health Sciences, University of
Utah, Salt Lake City, Utah, USA

25. Division of Clinical Epidemiology and Aging Research, German Cancer Research Center
(DKFZ), Heidelberg, Germany

26. German Cancer Consortium (DKTK), German Cancer Research Center (DKFZ), Heidelberg,
Germany

27. Faculty of Healthy Sciences, University of Southern Denmark, Odense, Denmark

28. Max Delbriick Centre for Molecular Medicine, Berlin, Germany

29. Department of Bioinformatics, Biocenter, University of Wirzburg, Wirzburg, Germany
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