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Biclogical Background

The function of DNA in a cell is determined by many components and processes.
‘We seek approaches to address this :umplexnv in the context of experimentation
in a 'virtual laboratory' or VL ws2, We observe that background knowledge
plays an important role in the dstgn and interpretation of bislogical experiments,
but that this knowledge is often either undisclosed or implicit in bicinformatics
application cade. In a VL we want to disclase this knowledge for computation.

‘Our objectives are:

1. to enable data integration experiments in terms of our biclogical knowledge

2. to provide a basis for investigating semantic models as a tool for understanding
bialogical systems
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Uul mstone ontolegy ('HistOn') contains the concepts 'histone’ and
S. The instances (red) represent elements in distinct sets of
meaﬁureml-'r\l‘ data. They become connected when we 'link’ the
data to the modsl (‘semantic annotation’). In our approach the
model represents our own biological view ('myMadel’). This ensures
that our data integration reflects what we mean in terms of our
current understanding of the biclogy.

We hypothesize a relationship between transcription and histone
binding, and begin our approach with 'transcription factor binding sites
(TFBS) and the modified histone H3K4Me3. Their common domain for
comparison in HistOn is ‘chromosomeRegion',

We base our approach on Semantic Web technology. Advantages include
flex combining models and referencing bislogical resources, and
the availability of consistency checking and reasoning engines for our
representations. HistOn was created using the OWL plugin of Protégé;
the picture is a snapshot of the OntoViz plugin,

The complex and poorly understeod relationship between the
sequence, and transcription Is used as a case study. Histanes

stone cade’, DNA
e proteins that bind
They pack DNA into higher order structures and by means of

tails they ferm a 'histone code' along DNA.
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Semantic annotation = data integration

We defined steps to enable data analysis in terms of myModel and applied them
to the histane case. We obtained our data from the UCSC genome

browser! -+ and converted to ROF using information from UCSC's
mySQL data schemas (converted to OWL in 'theirDataModel'). We linked
chromosome location properties to properties in myMadel using ‘subPropertyOf
statements (n ROFS (inset). This allows us to query and reason about the RDF
data in terms of myModel. Subsequently, we used chromosomeRegion properties
to determine where TFBSs and H3K4Me3 overlap.

A medtiied versich of Happer was ised n encvert i RIR AT RNl
€ of interval joln we required did not scale well with the RDF tools we fried
[Sc ame, Jena, Oracle-RDF, and SWI-Prolog), The significant varlations in performance
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Discussion

We were able to parform a simple data integration experiment in terms of myModel
using Semantic Web models and tools. This approach allows biological knowledge
relevant to a problem to be exposed for both human examination and reuse in
computational experiments.

We put emphasls on flexible companents for use in & virtual laboratory, Including the
ic models, We envision threa types of models. myModel is a persanalized model built
from small OWL components that represent pieces of knowledge of our choosing. We expect
that theirModel will eventually be created by data producers and both theirMadel and
theirDataMadel will be available from data resource centers

Future work includes: 1. expanding the approach for the semantic Integration of additional
histone-related data sets; 2. creating a workflow version for use in a virtual laboratory.
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e YOO Objectives

Our objectives

1. to enable data integration
experiments in terms of our
biological knowledge with Semantic
Web formats and tools

2. to provide a basis for investigating
semantic models as a tool for
understanding biological systems



X Data integration by scripts

r -
Exanple use " Teere ‘Computational

#

#

# python get_overlap.py TFBSConsSites_c ) ]

> overlaps.txt m t

import sys, os experl en

def read_line(f):
"""Read a line from the file and chec r argument 1is

numerical®"*
line_ok = False

17 1 1959 9675 14249 7195 24536 15033 30075 21968 2024806 1980403 1632143 1410005 1316573 }
17 1 20789 14018 13520 7231 29944 20834 31612 16349 2125054 1870072 1437266 1933574 1185469 while not line_ok:
18 1 25888 13389 19839 9932 26061 15215 60004  SOL95 1933528 1997483 1772001 1195418 1324724
18 1 3437 18282 18506 9388 22353 13169 38120 25601 1879991 197124 1697395 1489356 1208513 line f.readline()
19 1 42086 24645 20237 11764 3139 19839 36201 20943 1706472 2060260 1582237 1732846 1136243 TET
19 1 3692 20384 23900 12124 2305 13461 37983 21932 1750981 1972039 1708gsd 1731853 1081768 1 ne -
20 1 0179 55093 74460 31229 71553 38194 101241 69251 1666201 238461 1§ 1214508 return "
20 1 92084 49535 72207 21012 53466 28889 72347 38134 1877137 2673145 1850
21 1 63348 44386 31697 16645  295.89 231 43129 28197 1427207 1904296 1.280909  1.5295 II line Spl It()
21 1 49155 29656 3054 14720 2759 19124 35525 19253 1657506 2073461 144269 1845167 1.134772 . . -SPTEE
2 1 169587 80025 277245 45642 51605 43522 45085 33716 2110175 6.047838 1185722 1337199 3237126 if li[2].isdigitQ:
2 1 167069 50176 321771 39560 41016 33564 42277 2833 332966 8131896 1222024 1466424 4.263262
1 2 139488 75700 90891 54026 940.04 526 68148 G515 1842423 165479 1734132 1045053 1257952 line ok = True
1 2 200218 1155 863.68 509.28 926.69 507.4 801.16 817.44 1733489 1695884 1.82635 0.980084 1.221968 - e
2 2 31665 15776 18251 9046 3162l 1057 35178 21851 2007163 2017577 1615789 1609903 1247713 li[2] int(li[2])
2 2 6049 4429 21075 10614 28296 1667 36445 28664 1568977 1985585 1697421 127149 1107261 o = o
3 2 19762 9571 16328 6784 24107 12650 32633 14205 2064779 240684 1904337 229729 1064259 1i[3] = int(1i[3])
3 2 50898 30332 17603 7566 2402 12234 20299 13714 167803 2326503 1963381 213643 0.976782 returnils
- . % % 1802615 2030013 1644264 1100029 1396984 etu
u ! g dbsO% Hasoe 18a5026 1113672
v ! ocb365 830002 2 10655 1159403
196 3¢ 889 1.786208 1.103022 i
B i lon L s def mainQ):
1 ! 2 o 16750 1613073 1537812 listl = [];
I H o 3 824 1707463 1176145
2 H > 98651 2137244 1067459 if len(sys.argv) < 3:
% ! o 76383 12608 1025203 = e N R R "
a H d o 4517 1203508 1212094 print "Use : get_overlap <filel> <file2>
21983 1444684 1043441 =
z i 54 3 ] o070 1562237 1161662 os._exit(l)
i 09142 1334577 1110859 z
1z ium 5 1 o520 1540571 1065431 filel = open(sys.argv[1])
;o s e file2 = open(sys.argv[2])
2 2 )74,
6179
3 2 4
3 2
A 2 74 S g it 43376 listl.append(read_line(filel))
4 2 1928865 2084954 1718306 1885826 1113672 B — B .
s 223650 2000208 1634c0e 2154658 1169403 line2 = read_line(file2)
5 2 1951983 236094 2123889 1786208 1.103022 - 1= i
s 5 umm " while listi[-1] " and line2
6 2 101188 2415454 2397639 1516759 1613073 if line2[3] <= list1[0][2]:
7 2 1859010 2239285 1777824 1707463
7 2 205427 2253882 1898651 2.13724 # end element 2 smaller then start smallest element 1
8 2 1331771 1372114 1376383 1260425293
8 2 144149 1453014 1184517 12035087 1212094 # read new element 2
9 2 1500435 1481763 1421983 1444684 1043441 = _ N N
9 2 s142 3647 20419 1298 a2 29281 1616014 1573112 1183076 1562237 1161662 line2 = read_line(file2)
10 2 42935 8002 26278 18107 31251 30754 1485537 1451262 1300142 1334577 1110859 - -
1 s wmak  oris 1800 7 i 1552291 1480475 1285206 1540071 1065431 T line2[2] > listi[-1][3]
1 2 a3 oor 13197 7229 1547 25477 1745304 1825564 1600711 1322519 1221549 =
1 2 41104 265 1378 7534 11298 29532 1814746 1775684 1666755 1518043 1127365 # start element 2 bigger than end last element 1
12 2 24088 13474 15062 8564 19751 22957 1787739 1758758 1456179 1693994 112581 # read new element 1, remove all existing elements 1
12 2 ssa57 0788 1565 8632 12198 26652 1708006 1813021 1535252 1916721 1046076 R
13 2 61969 38288 50152 31836 47867 52116 47307 1618407 1575324 1143376 1101655 1422617 listl = []

listl.append(read_line(filel))
else:
# There is some overlap
# check all elements in list in for overlap
for linel in listl:
if (line2[3] >= linel[2] and line2[3] <
>= line2[2] and linel[3] <= line2[3]):
# Overlap
print “Overlappping elements :\n", linel,
line2 = read_line(file2)
filel.close()
file2_close()

linel[3]) or (linel[3]

\n", line2
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Data integration through

Histone Ontology: ‘HistOn’

el B Protege heta e: '\ arco AD AllonRemote g eilBEUontologie & BS.pp O HE e m@@ﬁ
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2O End of presentation

Please visit

http://integrativebioinformatics.nl
/semanticdataintegration.html
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":)'(f Our concept
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MO Query in terms of myModel (toy example)

SELECT * FROM {x}

myModel :chromosomeldentifier {y}
USING NAMESPACE

myModel = <http://www.somewhere.org/myModel .owl#>

: ]

Table 1. Sesame query results (also available in RDF)
X y
http://www.encodeSangerChipH3K4me3.xml/rowl "chrl"

http://www.encodeSangerChipH3K4me3.xml/row?2 "chrl"
2 results found in 1 ms.




‘Histone code case’

The histone code case

‘Elucidate the relationship between the Histone code,
DNA sequence, and transcriptional activity’



X Histone code case characteristics

The histone code case

Multifaceted problem, no 1:1 relationships
Requires explorative analysis (phenomenon discovery)
Requires ‘large-scale’ data integration

U

Semantic modelling approach?



X Histone code case characteristics

The histone code case

Multifaceted
no 1:1 relationships
Requires data integration and modelling

U

Semantic modelling approach?
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