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Representation and Retrieval Method for
Molecular Phylogenetic Tree Data Based on XML

TOMOHISA MASUYAMA,t RISA KISHINAMI,t TAKANOBU Y OSHIKAWA,t
HipEO MATSUDAt and AKIHIRO HASHIMOTOt

A molecular phylogenetic tree is a tree-structured graph that represents the evolutionary
process of genes, which is constructed from sequence data (such as DNA sequences) ob-
tained from several organisms. Although molecular phylogenetic trees are fundamental data
structures in evolutionary analysis, the database prepared so that to store the moleculer phy-
logenetic tree announced systematically and it can look it up didn’t exist. In this research we
develop a system which stores molecular phylogenetic tree data by a form based on XML. By
adopting XML, we can handle not only the data themselves of molecular phylogenetic trees
but also the additonal information related to the molecular phylogenetic trees such as their
bibliographic information. It becomes possible to do with flexibly addition of the information
about the new relations and functions which are obtained by the development of molecular
evolution analysis . In this paper, we introduce the way to express the molecular phylogenetic
tree data by using XML and explain about the way of reffering to the database.
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ZFOEEBRERELTWA EEZ LS. DL
312, BIEFORFMEOREIC L VEL B 54EK
% TSR & IR, .
DFRBHIZ, R E LTV EBEETFEEOLY
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DEFINTNVAE, HBEE, —BICEBEFILICERS
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2. HFREH

2.1 BEFES & FFREHE

FFREBEERT D 20OATT— % L LT,
EYRBIZF OEALDBRE % LT HH2ECF), T7%
bH s OEYETIBEOHEEICBIT 2 E—0&
{ZFEF) 2 & TN BIETFES 26 ) LED D
5. Zhix, ERICIEEYETHRBEORIEEZROE
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Fig. 1 Example of a molecular phylogenetic tree.
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DFRERE, B TN FERTA»S k HKE
BT TTRENS, HAIUE, BROXER1TH
BHEME &R 2 DL EONEE S Y, EHITE
BOEET G4 A7 b 3NIHETFEFIZEL, BN
BEEIZFN S DOFETF OIBEELE L % 5 BEFOR
FEET. T/, BEABoBRBEERER, F20ES
BRFOBOWHOH IR TEFIMOBREKEET

1 \CBEFRFIOHMI s DL & DSFREB DR
B ERT. B1 TREPSHICEREFOSEE (£
HoStr i iFA—EWER CORGEFOER) L
BIEFRETOBBRSFE LI LERL, EHEL
HNEE R N EFNROLEEOR (ZOMROES I
BRIV, BHEKFORTRL TS, EHSIC
EONTZ A~E DT Vi FRFROEL H ORI
o TV EEEFHEEEICHS,

KOES 3RO S % T RGO BRERE &
T (—HDOROBEFID» S FOESTREIN-EHDOE
BRI B LD I—FOmOEFNIELT S & iR
T). M1T0.1 & TNV HITAr —i—k
T, COROESIEIIOEMED /Y FHo.1
HOBBRICHIETI2EEEZRL TS,

2.2 SFREBOEBEILE

DFEYFEE, BEFTF— 5000 FRER2/E
BT 22 Th L, BERMOBRGETOMEZBITL
OHLVEREES -0, MO FRER &
BT LD D, FlE, RS L BETF
L BFRGEM & OBV SEMUITKS 2 VEBIETF
B BEFEB2BERT 54, BROEHOER
FHOfER L7 TR/ &) LEHEICHET S 2
T ) HERELBRICH 2 BETFORLERT 256
LhETHA.
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Fig. 2 Example for comparing molecular phylogenetic
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trees of functionally-related genes.

1-13 «—> FY
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1-9 <> M6200
1-3 «» M2904
1-4' <> M4147
1-1 <> CUMC1

2-1 <> 5ASKH
Leishmania RNA Virus

Leishmania

E3 7 4VREFOBEEDEET DT RSO HEH
Fig. 3 Example for comparing molecular phylogenetic
trees of genes obtained from viruses and their
hosts.

DEETFEF 5 HVER L -0 FREs (Ef) &, %
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B2 DR ROKMIBREFRT LEEERLEOBO YT T
WVOBRFOMCERERLTWA. 20 bbb L
I CHERERY IS BEE L 7o BIR T O 5 T RGBTSR 7
FEMLTBE Y, MEOBOIECERITRRING.
LaL, REERFESEEIFNENMLICERER
DEBEZT L7720, MEDRHEROSUEERLEE
WL OPEVENFEL S,

fofle LT, FEAL ZOEEL ORKEROE
PEPH L. M313)—Ya~v7? (EmiEER) B
WETAHWL o0 D SR L 72EF 2 HER L 72
SFREE (B k, FROICEET LT A NVAD
5IREL L - ERH A VR L 720 R M (B <3
0, WIROKENEY A VAL FNHFEFET HEEON
BEGEERLTVEY. M2l LFAk, chb2o
DRFRNIIEE RIS 2 BEHEMUL TV, R
CWBELTRERBICEZoTWS, L, T4V ARE
FOBEDOEDTATH A7 VR FNLDFOREGT
DBEEDBNP S AL LEFOBREEDENIL D
bOLEZLNS.

2R3 0Fhsbhs ki, ELERICH
LBIEFOBERTIE, #1505 TRERITHEERIC
BT EPU T WhERETLILERD 5.
WEAEICIREEED 02 IcET  HE, RAk—
BERGARD I X B HBL, split distance® IZEED\V 7z
B EHH B, T ZTid split distance [2EDV 7z
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Fig. 4 Tree structure of the molecular phylogenetic tree
shown in Fig. 1. '
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Fig. 5 Outline of our molecular phylogenetic tree

database system.

V1 %13 & split distance DEP/NE (b w7
BEhds.

3. HFRHEHT —EA~X—-X

3.1 F—2NEX

AW TG FRES 2 ARRIITEM L, METE
LEINEBEINST—IR—ADERZERLTY
5. HEcoFREB2ER 7 7 AVE LTERLE
BA, TV EIAKE BT L LEED B R
2% B 728, SFRER % Newick BT { XML
FHRICERLTERTS.

FFREHOBELZREAT S OO LT
bEEDRTVYS D DI Newick BRAH 52,
Newick ER & 13, AEEZ v 2“0, ) kHv~
“r EFCHEELT —BICRETEIRTETH D, K
DEXLERLE LTHRAELZLDTRETHS. Hlz
X, 1 % Newick BRICEHRT B LRD LR 5,

( (A:0.1, B:0.2):0.1, C:0.2,

(E:0.1, D:0.2):0.4 );
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TWh, —DDAREED SBAIER T2 APH
ERET L DEV TV D5 D Newick RO TRAES
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< | ELEMENT phylotree (newick, description, reference)>

<!ELEMENT newick ({branch | leaf), (branch | leaf)+)

<!ELEMENT  branch ((branch | leaf), (branch | leaf)+,
length}>

< ! ELEMENT leaf (geneid, label, length)>

< | ELEMENT geneid (#PCDATA)>

<! ELEMENT label {#PCDATA)>

< | ELEMENT length {(#PCDATA)>

<{ELEMENT description(#PCDATA)>

<1ELEMENT reference (author, title,
journal, volumne, number, page, ve
figNo)>

<1ELEMENT  author (#PCDATA)>

< { ELEMENT title (#PCDATA)>

< { ELEMENT journal {(#PCDATA)>

<!ELEMENT  volume (#PCDATA )>

< | ELEMENT number (#PCDATA)>

<1 ELEMENT page (#PCDATA)>

< ! ELEMENT year {#PCDATA )>

<! ELEMENT figNo (#PCDATA)>

<!ATTRIBUTE phylotree treeid ID #REQUIRED>
(a) PTFREEH 2 EHT 5 DTD

< | ELEMENT gene (genesymbol?, species, description,
type, related*, Treeref+)>

<} ELEMENT genesymbol  (#PCDATA)>
< | ELEMENT species (#PCDATA )>
< | ELEMENT description (#PCDATA)>
< | ELEMENT type {(#PCDATA)>
<! ELEMENT related {(#PCDATA)>
<! ELEMENT TreeRef {#PCDATA)>
<!ATTRIBUTE gene geneid ID #REQUIRED>

<!{ATTRIBUTE related type CDATA

(b) BIZFZHEHT S DTD
He HTRHEWT—IR—RO7T—5EHDOHD DTD
Fig. 6 DTD for entries of molecular phylogenetic tree

#REQUIRED>

database.

Newick X3, TR OREELY 232 b
WRRATE L7290, LELRRESEMPLLLTTLE
WHREA DS, LHL, RATEXZERITELNAT
Wiz, Bz IEK 2R3 DL ) 2aTRER LD
LOMBER, 5FREEOHESoTHIER, 2FR
B OEHEIIRIET 2 BEFOREERERAT L
DHEETH 5.

FIT, RAITFT — I R—RIEBRT BT — ¥ DFE
B/ERE LT, XML IS CERELBZLICL
7. XML 2#A7ZD1X, (1) Newick B L [T *
A b Tfﬁﬁf‘@fﬁf‘ﬁ 5720, BIELZ/3—H T Newick
R OB THEILETR TR, BEOEHE 0”3 A
EDEEIFATED, (2) DFRHEMIAARET 2H
WITHEARWICZDOHBTH L3R TITE PN TEER
THb0, BEATEOERERTH S XML T
BRIZELTWD, 3) FFRHEHE D LOBEEDTE
MO A OBLFOREREHRILT — & OBEIEY
IZEWIET TR L, ST ERILEBISHOMIEDERE
ez 2 BE LRI T 2 5Tk 4 ICBIS h
BDT, HOPLOAF—IERETDDEREET,
XML D & ) ICRBRZREABRANA TG, En)
HHIZL S,

6 27— ¥ R—-2ADEFEA D DTD(Document
Type Definition) %, B 7 122 ® DTD 2> (&

<phylotree treeid="T0001">
<newick>
<branch> <leaf> <geneid> G0001 </geneid>
<label> IGF-1 </label>
<length> 0.14 </length>
</leaf>
<leaf> <geneid> G0002 </geneid>
<label> Insulin </label>
<length> 0.09 </length>
</leaf>
<length> 0.39 </length>
</branch>
<branch> <leaf> <geneid> G0003 </geneid>
<label> BDNF </label>
<length> 0.09 </length>
</leaf>
<leaf> <geneid> G0004 </geneid>
<label> NT4 </label>
<length> 0.08 </length>
</leaf>
<length> 0.005 </length>
</branch>
<branch> <leaf> <geneid> G0005 </geneid>
<label> NT3 </label>
<length> 0.09 </length>
</leaf>
<leaf> <geneid> G0006 </geneid>
<label> NGF </label>
<length> 0.08 </length>
</leaf>
<length> 0.015 </length>
</branch>
</newick>
<description> Coevolution of the insulin-NGF
gene family and their receptors
</description>
<reference>
<author> K. J. Fryxell </author>
<title> The coevolution of gene family trees
</title>
<journal> Trends in Genetics </journal>
<volume> 12 </volumne> <number> 9 </number>
<page> 365 </page> <year> 1996 </year>
<figNo> 1 </figNo>
</reference>
</phylotree>

(a) B 20 growth factor D4 F A ORIH]

<lommmmee growth factor genes ---------- >
<gene geneid="G000L1l">

<genesymbol> IGF-1 </genesymbol>

<species> Homo sapiens </species>
<description> insulin-related growth factor 1
</description>

<type> growth factor </type>

<related type=*receptor’> G0002 </related>
<TreeRef> T0001 </TreeRef>

</gene>

<rmmmme receptor genes --------------- >
<gene geneid="G0002">

<genesymbol> IGFIR </genesymbol>

<species> Homo sapiens </species>

<description> insulin growth factor 1 receptor
</description>

<type> growth factor receptor </type>

<related type=*growth factor"> G000l </related>
<TreeRef> T0002 </TreeRef>

</gene>

(b) E 20RMMORETFROKIH (—H)
7 BTFREMT—FR—2DIT YO
Fig. 7 Example of an entry of molecular phylogenetic
tree database.
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L TreeRef &\ ) EFEIZ, TN ERRIZT O ID,
DFRFEMO ID 2R T 2 L TRRENTWS,
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Fig. 8 Internal configuration of our molecular
phylogenetic tree database system.
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3.1.1 Y XFTLER

RKF— ¥ R—ZA VAT AL, REHCBEFOTF —
¥, R GEEBMHLLT — ¥ X—A8, 2—Ff
F7 =R, FLTENLD 2022 HT»H
A, COMBEOMELE 8 IIRT.

F— & = AESTIE, XML TRl & R R
DLy M) EBHLI-12O )7 74, X
Ve BIEFEOICERE EEELEETR, £L
THBADERF T ANDLERA, F—¥OERFEI
DNV, BEDAF—<2HAVEDTERL, HEHT
KL XML CEP NP ZTFAMN 7740
OWTERTS. 2077 AN LTEFIZHEL
THBE, REZT). HF5E28ED Y, 1 23AE
Ty MY ORERICHWEES], ) 12l %—
7 FREAORSTHS. -7 - FREHADOEF]
i, BEFELI VNI 77 ANDPLERTS.

2L T - AL, BEEFIER TR
WHTFEYEZETOIENG VL) IFEOMEEERE
EFRWTICWWW 799 FE T3 A b AT, HE
DBREITH 2L CTF— I R—ZAOEESEE T L
T5.

e IodT 2EERE, RFHTHLILNE
LAETHD. 72h, KigEz XMLEHDO T TN
Lol —Ficizgricdwvw, #ZTXMLE
B OARBED A A—I~OFHREIT, BEMIS
YRt 2 —FIRRT 5.

3.2 F—aN—XDRK

DFRGBERNBELETIMELEELD. HvnEbe
FERELTUTOIDNH 5.

(1) ¥—7—F — geneid &&
F—TJ-FREBROEFZFILILTEFDF—T—F

ICBEDH 5 BIZT D geneid DEAZH/D Z LATT
x5.

(2) geneid — treeid £&
Iy ORFERAOEGZFICZET geneld [ o
THREFZEUCRFER O treeid DEEZH/LI LD
TE5.

(3) geneid — BEE{ET D gene BEFR
geneid < type 2T 5 Z & T geneid ICHIET 2E
ETF & type W87 L 7-#REBIER 12 5 BIET O gene
BEEYBLIILHFTES

(4) geneid — #IzTH
geneid ZIBET 5 = & T geneid IINILT A EEFD
gene EELX{AHILHITES

(5) treeid — R¥cH
treeid ZIBET 5 T L T treeid I T 2 Rl o
phylotree EZ%®5 2 LB TE S

Bl LT*—"7—F [insulin-related growth factor
1] 25 % —7—FICEEDD 2 BEF ¢ &Rk
L FORIZTF L BRI IEERO® 2 BEFEET
FHEROLFMILTOL % B, UTFOLS
%%,

[Step 1] #—T—F — geneid &&E L H F—7—
FICERDH 2 BIETD geneid [G0001] %55

[Step 2] geneid — treeid £& L ) geneid
[G0001] 205 GO001 ICxFfnd % BAZ T D HEMIM &
%o TV B R/BB O treeid [T0001] %755

[Step 3] treeid — R L V) treeid [ T0001] 2
LAIET 2RBMOLS U ERES. hTEF—T -
FIcBEDD 5 RIZT 2 ECREB e RETE 2

[Step 4] geneid — FAERIZT D geneid L Y
geneid [G0001] 7°% [G0001] IZHEAEAYICKTIG BIFR
W& D BIZT D geneid [G0002] %2135

[Step 5] geneid — treeid £& L Y geneid
[G0001] 25 treeid [T0002] %735

[Step 6] treeid — R & V) treeid [ T0002] 7
LT ARBEHOLY P R2BE, TATEF—T—
FICEED D 5 RIZF L HICBERICH 2 BIZTFE A
R ERETED

7z, MEFBL LT FREHOBET -5 25
RHZEDWEETHL. FFREMOBET — 5 #°
Bz onizhE, AL LTEOBEET— S ICEML
TG FREB OET — 5 2185, TOFIETEEH R
BT AREET, HOELHET L5 TRESO
oz B split distance ICE TV HEETEE T 5.
split distance DRE%L EO CEIERERIHELD B
MNEL oI FREB AR DT A, ZhICEYiEE
L7530 F R OfEET — & LD L 75T Rk %
BHEILNTES.



4. b ¥

XML 2 W3 FREMT— s ORBHEL T —
Y ERBETAHEIIOWTREL.
RELIHBEC L) FTREM T — 7 2 RAICH
MLEHRTLI LT 25, T2, RESML R
AZF—J—FEBETAILTF—U—-FIEEDS
5 BIETFORBR 720 ¢k { F 0BT L HBRERYICHE
BROBHLBIEFORTHERY T I LHFTES.
SR, BRIL TV 25 TRER T~ 0B ES
TLELIIREL:DTD ORIFRUHE, HEERD
MEeEL—F A2 ¥ —7 - A0, XML Titd
ENLDFRERT — 5 22 —FIZGH 0 T LERR
TEAVY =T AADRSE, BRETLT—IN—X
VAT LADERILEBERTFETHD.
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