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An XML -Based Analysis Tool for Gene Prediction Results

Jin-Hong Kim" - Sang-Hee Byun' - Myung-Joon Lee™ - Yang-Su Park™

ABSTRACT

Recently, as it is considered more important to identify the function of all unknown genes in living things, many tools for gene
prediction have been developed to identify genes in the DNA sequences. Unfortunately, most of those tools use their own schemes to
represent their programs results, requiring researchers to make additional efforts to understand the result generated by them. So, it is
desirable to provide a standardized method of representing predicted gene information, which makes it possible to automatically produce the
predicted results for a given set of gene data.

In this paper, we describe an effective XML representation for various predicted gene information, and, present an XML-based analysis
tool for gene predication results based on this representation. The developed system helps users of gene prediction tools to conveniently
analyze the predicted results and to automatically produce the statistical results of the prediction. To show the usefulness of the tool, we
applied our programs to the results generated by GenScan and GenelD, which are widely used gene prediction systems.

Key Words : Gene Prediction, Gene Analysis, GenStructML, GenPredML, XML
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2.1 GenBank
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3.1 GenStructML XML 27{o}
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3.1.1 Prediction &4
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End, Length, Frame, P | <Length>, <Frame>, <Score>
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LOCUS Name <Gene_Name>
ACCESSION, VERSION <Accession> version
Sequence Length <Length>
Molecule Type <MType>
DEFINITION <Definition>
GenBank Division <Division>
FEATURES <Annotation>
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/translation <Translation>
ORIGIN <DNASequence>
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- Specificity &4 : &
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4 FAAY eFAHR GenPredML FMES ¥oz
PredAccuracyML. #A4& A48t} PredAccuracyML A
¥ GenPredMLY Accuracy 2478 ¥3tste] A
XML A o]t} PredAccuracyML W37+ GenPredML %
A& DOME ol&sto] v} AMA sz, 2 528 EA4AA
BE F¥atd fHdA dolg I3 dd EAAR z

7 e
[oN

O
o) (28 14)E PredAccuracyML EA1E A3}
AccuracyML ¥ 2719 74 9 dlojgle 58S HoFt)

‘ — GenePredML
=

PredAccuracyML ¥ §7]

[ S—

/
ot [ DoMECI 8 U H 23 |
kel TELE )
- | DOME & 44 }
[ XMLEAN 94 I
. —

i 11 PredAceuracyML
| PredRebM’J 24 }

(22 14) PredAccuracyML 2=t7|

XML 7|8k f-32} &5 =3 o]43te 4709 A
d doly Al tE GenScan¥} GenelDY oZ=AHE
Mg =FE olfsld EAM3ILh ALgd A doly
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AEe Celeg76[13], GenBankel A 23 570719 A €[14],
Azt HMA M9 HI78[4), ¥z HMRI9%[15]0|t}
GenScan¥ GenelD2] +AAF o & FA317] st
of Z+ A3 dlolg A g GenScan? GenelD2| A&
A9t GenBank Ho|EHE ©]&38td GenStructML ¥4 &
AA 3}9\11:} *3**51 GenStructML FAE HEo® Gen
% GenScand GenelD9] &4 %
£ PredAccuracyML A& A4
BA A8 Intel(R) XEON(TM) Z2A4A 2.0GHz
% 1G UﬂJ—E]E HAg gEs LGAANA FIH AT

ARES

51 Al'g ool &gHthe sequence test set)

4%h 484 ol Yol TP RE FHA AL
gude WY led P2 4G ATGE AFsE A%
2 il

=X TTA, TAG, & TGAR e 9 IS 7}
o 283 §A4z MY 8" ZE d&(exon)? ac-
ceptor sited] = AGE 338l ¢loH, donor sitedl= GT
€ 7t

$& Ago A" 4 A HolE A7 S5t

@ Celeg76 : Caenorhabditis ElegansolAl #&d A 4=
W 12637 bpel ZolE 7HAth AR s TEH
do] Ht M 6960

@ 570Seq(AQ 57070) : Burset® Guigo7} 2% 57071
o] H&EZE G2 A Y(vertebrate gene sequences)
2,.802,149bp ZojolH, 264972] <=(exon)S 7HHIth

® H178 : EMBL dHo]gHlo]Ad A &7 A FH43}
Mgolty HI784 E£3dd MEL2 50%9 G+CE =¥
st glon, HE 7169 bpe Aol 7t ¥
e Ade o4 e fHx FERE A
7 51708 d&E(exon) & A Q)

@ HMR195 : 19973 GenBanko] ¥3d MIZAH <
(human-10371)3 #(mouse-827}, rat-1071)ellA =+
Aok @ M4dY Zeols 7,096 bpel™ sl
AR el 486718 A<=(exon)ol L= )k

d o o

Hogo) GenStructML A9 (¥
150 AA Fx2 AnE ¥, (29 15-@)=
Az dEzre Z2AZ 959 f44 FAERE UEdth
(28 15-@% (23 15-O)F she w¥dE HoEe
CDS9 ARE 7&3d, (28 15-@)F (1€ 15-©)2 3
e CDSE FA s d£E9 HRE AHsta o
(28 16)& GenPredML W371E& T3 AAdH
GenPredML #4¢ PredAccuracyML ©8718 34 A
A9 PredAccuracyML ¥4 & RolFt}h GenPredML 4
= (29 159 23S ¥R g FAA el g
deaygdr 9@ 2AAEE Jedit. PredAccuracyML #A]
(PredResult.xml &= &2 dio]lH g digt 2 =79

<Gene_Name>ACUDB131</Gene_Name>
<Accession version="1">U081a1</Accession>
<G1>473267</GI>

<Gene_Name>ACUG8131</Gene _Name>
/-‘<ﬂmdm:on toot="GENSCAN">
- <Precicted_Transiation_Group 10="1">

o 7 et
proiicile i <Predicted_CDS_Pegion types'Initial_CDS* />
() e )] <Begin>521</Begin>
<Dwision>VRT</Division> P egm e
7 <hararated Transiation.Group 6="1"> Vg lmeonociocores
: <hogns521</begins <Strand> + </Strand>
2] <End>4247</End> <Frame>.</Frames

</Faature>
- <Feature id="2">
«Pradicted_CDS_Region type="Intemal_CDS" />

<Strand>+</Strands
- <C0S_Regions>
- <Annotated CDS_Regwon w="1">

. <Begin>1066</Begin>
[ S o D
\3/‘ <Strands + </Strand> = <Score>0.98</5c0rex

Strand> + </Strand>
</Annotated_COS_Region> D /

Frames.</Fames
L. . cannotated_CDS_pagion 1d="2"> <Frames < /F:

</Feature>

<Begin> 1066</Begn> - o —ege
<End>1362</End> <Faature =3 - .

: <Pradicted_CDS_Pegion typs="Tnternal_CDS* />
3 <Strands +</Strand> peqia1850</50gms

</nnatated_COS_Regon> Prastoardnt
- <annptated (0%, Region id="3"> ‘/6\y <Seore>0,99</Sovres
(zig:';;::g;é?;f‘m - <Strand> + </Strands

o
3 > <Frames.</Fiame>

</Features
- <Feature id="4">
<Pradicted_COS_Region type="Intemal_CDS’ />

</annotated_COS_Regian>
=~ cannotated_CDS_Region id="4">

<Begin>2637</Begin> <Bagin>2637</Begin>
5 <End>2802</End> L <End>2802</End>
2 <Strand ¥ </Strand> 6 <Score»0.98</Score>
</annotated_CDS_Region> <Strand> +</Strand>
N "= - cannotated,_CDS_Region 6="5"> <Frame>.</Frame>
~AL <Boain>3558< /Beom> N peatures

GenStructML ¥4 (a_ACUO08131.xml) GenStructML £ (p_ACUOS131.xml)

(2! 15) GenStructML tH&t7|2| HZEM

5 2
- <Gang 100l GENSCAN Iname="ACLOBIL" irm sxip: fen. 03 - <Gene toois"GENSCAN'] gere count= l;@ s s http:/ fwm .l 0

® o AT tad 1 LI

- aacuacy> Teactacy>
- Clkati teve - cliucleatite_ievels
T Dostnes 116108 Jostue> <True Postve>167798</ True Pestive>

st mmm >

. <False_Postie> 20966/ aise_Posties
4y <False Negatrera516</F lse_Negarives
<Sensietty>0.973792¢/Semsitity>
<Speciiey>0.8527881</Speciiciy>

- mtren - uclestte_Leiel>

f <Exon_Levals
- canrotated>

1 Feset et

- chrasetad>

3 <speaforn muc/wezﬁ r>
¥~ Samicer_of_Bion> 1087<Narber_of

< ’bw‘ nievel>

Camber of uonp:snmwae
<wnb> ol Cvaria> B Numer_o 5

e 106</True_asite>
dss. PasiivesTA<Rase Fostes
m?)ﬂ(/ﬂse jatve>

GenPredML £ 4] (ACU0831.xml)

(32! 16) GenPredML H&t7{2} PredAccuracyML HE7(2

ZAEM

PredccuracyML £ 4 (PredResult.xml)

& Ao e AR2 AFerh doly A HI78Y
A% 1789 GenPredML 47} SR, olEe g
oAz & AEEE 149 PredAccuracyML A4 A

J

A, GenPredML #4$ PredAccuracyMLEA 9 S8
{2 digte AHRW GenPredML FA9  Pred
AccuracyML A2 #E Q49 £4 oz (18 16-0)
& A WE Adstn (28 16-@) HolH dge &
AR AA & oudtt (28 16-@)& FAAY o2

53 REA o F £ & o

a9 g deoly JEE g e® GenScan®t GenelD
& o] &3] A dF AdE Ao hEdE XML
71RF A} oS82 © 4 =7EFH AAE 95 A

b1
-



(B 4 7K O 72| SHET 84 A
AEFHE
B
f}::] Eﬂ;gi GenScan GenelD
© i TP(EE) | FP(PE) [FN(WE)| (OE) SN SP | TP(EE) | FP(PE) {FN(WE)| (OE) SN SP
Celeg6 39673 | 28115 | 23106 63% | 59% | 37337 | 21633 | 26434 59% | 64%
czgo | 510 406854 | 50210 | 23156 9% |  89% | 367714 | 33573 | 63008 8% | 9%
“;C* H178 167798 | 28966 | 4516 97% | 8% | 153482 | 18775 | 18832 89% | 89%
- HMR195 167452 | 25070 | 7172 9%% | 87% | 15759% | 17319 | 17664 N% | 0%
EE 8% | 8% 81% | &%
Celeg6 (290) ) [ (12 Q)| 3% ]| 33% (76) (48) (69) )] 8%| 3%
570Seq 199 | @ | o8 &) | 7% | 7% | e | @) | (40 @ | 6% | 7%
ol 2= H178 (744) On | s 6| 8% | 7M%| 65| %) (90) 6| 68%]| 7%
HMR1% 682 | | (% G | 8% | % | (606 | (103) 71 ® ] %] 7%
EE 68% | 64% 56% | 65%
11 30 29 2% | 21% 11 29 30 7% | 8%
A2d | CeleaTs 359 179 192 65% |  67% 271 214 282 9% | 56%
Inm; & 106 7 72 60% | 59% 73 84 105 1% | 46%
103 63 61 63% |  62% 91 63 75 55% | 59%
o0 54% | 54% 3% | 4%
115 121 162 429% | 49% 97 31 186 3% | 54%
ama | s 1752 317 233 88% | &% | 14%9 264 505 5% | &%
Do oftoed 6% 130 66 91% |  84% 607 % 155 %0% | 86%
663 123 63 91% |  84% 583 39 148 80% | 871%
A7 78% | 76% 67% | 78%
103 146 174 37% | 41% 23 % 200 2% | 46%
JRPSIVIN [, 1705 347 285 86% | 83% | 1470 200 524 4% | 8%
Acce TO 671 156 51 93% | 81% 586 92 136 81% |  86%
P 614 153 79 89% | 80% 554 0 144 79% | 81%
B 7% | 1% 66% | 71%
11 43 29 2% | 20% 11 30 30 2% | 1%
422 99 129 7% | 81% 329 73 224 59% | 2%
i Ing
T”J.‘i ’ HMRI1% 12 69 % 81% | 2% o1 a1 7 66% | 69%
ernm % 51 35 3% | 65% %0 % 13 68% | 78%
P 6% | 571% 5% | 64%
* TP : True Positive, FP : False Positive, FN : False Negative, SN : Sensitivity, SP : Specificity
* EE : Exact Exon, PE : Partial Exon, WE : Wrong Exon, OF : Overlap Exon
HE 2434 8719 PredAccuracyML ¥A& AA4stdct. 6. ZE ¥ &F oA
<E v AdE XML #AE atgez FAEgon,
A oy JEH ¥4 FEHEE GenScan# GenelD9 FAH TAEs} AYGEr SH1F AAe drHE
A dEFEEE RAFEY AH o= GenScand BXol fHA g AT7E A & 4 dgds A
Tl =70 = = LN . £=1 = p L | TRt LY = [ 2 T M = X
GenelD o} wE Qe d Aad FFEdA 2% of TR Z A FHAY G718 E BA st HEE A
10% A= A o 2745 o351 g GenScans Aol AXE g7 A8 FAA GG ES A3 &
TEYLHE FFEAA HIEHoR 88%9 w7E(sensi- e At @A REY e dRE FHA 9
tivity) 2 80%9] 5ol Z(specificity) & vehla glch a9 EETEL AR B¢ P92E B F4og AREg AT
U Celeg?6S A3tz 25 HB%7F 9 972455 vey st 9o} A7E 2Nty EAARE AEded 22 &
o IKTEY MEAM FAAE dEse Zzaoygoes Ho] Bad FHolrh, TEZ e FAz dSETE
ZF83 HECE o g} Celeg769 2%, 7 A4 o] o& HELE zFoR vuwsn HrlY ¢ e =7
AdA F & =F BF Be 39 §H4 A o} siwrol #H g3},
S Vel 9 sldE XML 78§32 G228 s B =894 71%¥ GenStructML, GenPredML, 18]%
a2 9F8 Ued d& 9 Aade) gdk grE ¥ PredAccuracyML¥} XML 75t §H2 o223 BARE
e XML A48 AFdo Abgake Add 44 o = fAA g2AnE XML &7)0E o)4sle FdEn
B EFE o8l AFo2 AR AF =Fe &4 Ao FAHAY AT 2 EAPRE WYL &
g5 9 FAARE AET £ glon, gLl 7k R4 AR dE&ds EMRTE ol&3ld XA XML #Age
A& 4T GenBank AEE A 28 4 o] BO A2 dE547E AYsld g5 wyor v&siy A9
dystA 5273 24T ¢ ok =d, 22 dojg A d A7 Hoko] bk Ags #4849 ¢ 9rh E3] Gen
ol thdte] PredAccuracyML ZXfl A AF-3te ARE StructML #4112 #F382 A5 2% 34 GenBankoll A4 A
ZAbeto] AL dEo ARES R oSBT E H T FAR T ARE ATTorN Algale 7EY

o

>oh o] Hlas] & 4 glth

ARSI S WEY A AAE oldE 4 it
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aga 718 =7 olgste] de F e BE 9
= FEYeHE, 9& adgu Aad 29 g a5
AYEE ATt MEE =78 o] &dhes A 7IE
o fA gFeTEY Ades BYste #AYS AA
A &3 st FHA g EEw ohyel FAdA
ole] Mol i FAHEE vl & 5 dvk

Fde dAe Az2ge qdd Faa d5=T7E9
ARE BAY F ode Bu durd 43 EH BAETE
BAAZ dgolr, GenPredMLe ol & w3 7& A5
ol g L Aot
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