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Data Integration — Issues!

* Clinical data is distributed in disparate silos in various data formats
XML, CSV, SQL etc.

* In a distributed system clinical data needs to be brought together into a
centralised warehouse for storage and reporting

e With various data sources involved structural consistency of data is an issue

e Genome variations

* Differences in DNA between individuals within a population.

Reference Genome: ACTGGTGACGTGCGAGCG
Genome Variation: ACTGCTGACGAGCGTCGG

* Variations represent mutations in germ cells and somatic cells.

* The term “variant” is used for a section of the genome which differs between two
genomes.

e Different versions of the same variant are called “alleles”.
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Types of clinical and genetic variations

 Structural variations (occurring over a period of time)
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Insertion Deletion Inversion Duplication Copy number variation

* Single base-pair substitutions also known as Single Nucledotide Polymorphisms
or SNPs.

ACTGTGACGTGCGG
ACTGTGACGAGCGG

* Insertions and Deletions (indels)

Reference ACTGACGCATGCATCATGCATGC
Insertion ACTGACGCATGGTACATCATGCATGC
Indel
Deletion ACTGACG--TGCATCATGCATGC
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Solution — Graphs!
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Provide easy to use and intuitive graph models to support
heterogeneous set of data

The graphs can be queried iteratively

Flexible and cost effective (in terms of computation)

Graphs allow efficient and iterative analytics

Graphs can be effectively optimised for efficient processing
of interrelated datasets



Graph Model

Patient (PT) Condition (CO)
) . id dit clinical _ last_
pid condition pname pid condition gene no sig reviewed
p01 cancer Bill p01 cancer GRCh11 X1 04.05.16
p02 T8 Chris p02 T8 GRCh12 y1 09.03.12
Genes (GE) Review Status (RS)
llele id  GRCH37 GRcHzg  ottribute iteri diti id entries_ flict
gene no allele | _name criteria condition bid submit conth
GRCh11 TG G click 2D cancer p01 X1 yes
GRCh12 AD A min N1 B p02 yl no
Allele (AL) Reference_ GRCH37(GR37) Reference_ GRCH38(GR38)
allele id ene no variation attribute location variation location variation
222 d EEnR oo id _name GRCH37 _GRCh37 GRCH38 _GRch3g
314 GRCH11 111 DAG 3 T 5 G
642 GRCh12 211 FOW 8 G 20 A

Patient_name;
Patient_ID;

Chinical_significance;
Last_reviewed;

Allele_ID;
Variation_ID;

The data within the source file is mapped onto a graph model. The nodes capture the different types of the data
present within the file, whereas the edges capture the relationships between the nodes and hold biological

significance.
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Consistency in evolving sources

e Given a native graph
environment, it becomes easy
to manipulate the graph model.

Stores

In-memory Integrated Graph Data
Examines and

 The nodes and edges can be maintains
. consistency
updated and changed using Consistency
Cypher queries. (1 e
e The graph model can be 3 3 ? 3 4
raph
accessed and updated  comemon &7 | | | | |
¢ ; P ¢ @: @: @: @: @1‘
iteratively. . . Y
Afn ?
. CJ
* It also becomes easier to pull |UUU <
out |nf0rmat|0n baSEd On,.l,:he Clinical Data Clinical Data Clinical Data Clinical Data Clinical Data
kn OW|edge Of the pOS|t|0n Source 1 Source 2 Source 3 Source 4 Source 5

(particularly useful in terms of
studying genes, where the gene
positions are known)
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System Architecture
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VCF Graph Model: Reference Genome

>Reference Genome

ATGGACTGAGGAGAGTG
AGTAGCGCATTGTCGTATA
TATCGTGCTAGCTAGCTGA
TGCCAGAGTGCTAGTCGA
TCGTTGTGCATGTCAGTAC
GACACAAAACGGCTAGTC
GTCGTCGTCGTCATAGTAC
GTAGTGCTGATAGTTCATG
ACTGCTCTCAGTA...

FASTA file
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VCF Graph Model: Variations

e Substitution

a nucleotide base is replaced by
another.

#CHROM POS ID REF ALT QUAL FILTER INFO
20 3 . C G . PASS DP=100

Position: P
Allele 1: A
Allele 2: A

1

P, P, P,
T C C
T T C
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VCF Graph Model: Variations

* Deletion
a nucleotide base is removed altogether.

#CHROM POS ID REF ALT QUAL FILTER INFO
20 3 . C G ‘ PASS DP=100
20 2 . TC T ‘ PASS DP=100

Position: P, P, P P, P.

Allele 1: A T C G A
Allele 2: A T - - A
PPN UNIVERSITY
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VCF Graph Model: Variations

* Insertion
an extra nucleotide base is added.

#CHROM POS ID REF ALT QUAL FILTER INFO

20 3 . ( G ‘ PASS DP=100
20 2 . TC T ‘ PASS DP=100
20 2 TC TCA . PASS DP=100

Position: P, P, P
Allele 1: A T C :
Allele 2: A T C

-
S

()
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##fileformat=vCFv4.l

##FILTER=<ID=PASS, Description="A11 filters passed">
##fileDate=20150218
f#reference=ftp://ftp.1000gencmes.ebi.ac.uk//voll/ftp/technica
l/reference/phase2 reference assembly sequence/hs37d5.fa.gz
##source=1000GencmesPhase3Pipeline

[ ] [ ) [ ] [ ]
##contig=<ID=1, assembly=b37,length=249250621>
##contig=<ID=2,assembly=b37,1length=243199373>
##ALT=<ID=CNV, Description="Copy Number Polymorphism">
##ALT=<ID=DEL, Description="Deletion">
##ALT=<ID=DUP, Description="Duplication">
##ALT=<ID=INS:ME:ALU,Description="Insertion of ALU element">
##INFO=<ID=CIEND, Number=2,Type=Integer,Description="Confidence

interval around END for imprecise variants™>

#CHROM POS D REF ALT QUAL FILTER INFO

1 10 rs367896724 A AC 100 PASS AC=2130;AF=

0.425319;AN=5008;NS5=2504;DP=103152; EAS AF=0.3363;AMR AF= 1

0.3602; AFR_AF=0.4909;EUR_AF=0.4056; SAS_AF- B Pre-processmg

0.494%;An=| | |lunknown (NO COVERAGE) ; VT=INDEL

1 12 rs540431307 .00 PASS AC=6;AF=

0.00119808;AN=5008;Ns= . AF=0;AMR AF=

0.0014;AFR_AF=0; EUR AF >100GB - - Use public

0.0051;AB=1 1 l1nlknaum (1 mET. .

1o 1 5ne= Trim and Left Align VCF available sources or Annotate VCF files N0
o VCF from 100 file in-house tools to

0.4192, 21 add annotation

Lo Genomes project .

0.0008;ET

1 16 Nt \F=

containing 39.7 . 144 GB

0.0008;ET 0

1 11 HIH 1 . \F=

~ooox Million variants; 1092 | J———
0.0014;AL

1 18 o \F=

.o genotypes per variant

0.0014;A1 1P i iati i i

0.0014: 2 — VCF file .~ Variations are trimmed "\ Yes | Load VCF to available tool , Browse VCE
0.000199681;AN=5008; NS=2504;DP=9007 ;EAS_AF=0.001;AMR_AF= and left aligned?

o 28 hours SnpEff

~F ac SQL P Variant Analysis < Filter Varlanstesttso create data ||
v Iterative analysis

Query time:

Few seconds to End
few minutes
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Implementation

Nodes from Reference Genome:
CREATE (cr20:CHROM {id:20})
CREATE (p2:POSRES {p:10657, r: ‘G’})
CREATE (p3:POSRES {p:10966, r:‘A})
CREATE (p4:POSRES {p:10967, r:‘C*})

Nodes from VCF:
CREATE (al:ALT {a:‘G})
CREATE (a2:ALT {a:'T‘})

Edges from Reference Genome:
CREATE (cr20)-[:HAS]->(p2)
CREATE (cr20)-[:HAS]->(p3)
CREATE (cr20)-[:HAS]->(p4)
CREATE (p2)-[:TO]->(p3)

CREATE (p3)-[:TO]->(p4)

Edges from VCF:

MODIFY (p2)-[:ALTPATH]->(al)
MODIFY (p2)-[:ALTPATH]->(a2)
MODIFY (al)-[:ALTPATH]->(p4)
MODIFY (a2)-[:ALTPATH]->(p4)

Algorithm 1: FASTA to Reference Genome Graph
Model

Input: FASTA file
Output: Nodes and edges in Graph Query
Langnage
create chiromosome node o
foreach char m in FASTA file do
find position p;
create position node r;
add attributes position p, nucleotide m to node
7
create edpe from n to e
if n+ 1 is nol last node then
L create edege from n to n 4+ 1;

Algorithm 2: VCF to Variation Graph Model

Input: VCF file, Reference Genome Graph Model
Output: Nodes and Edges in Graph Query
Langnage

foreach record m in VOF do
find chromosome ¢

find position p;

modify position node p by creating an edge to
the alt node a;

add altNucleotide an to node a;

create edpe from alt node a to position node
gl

create edge from all node o to velRecord node
;

create edge from velRecord node » to header
node fi;

create edge from header node kb to headerMeta
node hure;
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Browsing

1000 Genomes
1,092 Samples

Runtime

GEMINI

90

Return all novel variantsselect * from variants where in_dbsnp = @

EReturn all loss-of-function variantsselect * from variants where is_lof = 1

Return all rare, loss-of-fiunction variantsselect * from variants where is_lof

= 1 and aaf <@8.81

Eeturn all loss-of-function variants and filter on a specific sample’s
genotype.select * from variants where is_lof = 1 --gt-filter
“ot_types.NA12878 = = HET™ (tri0)--gt-filter “gt_types.Nalesls =
(1092)

11 sec.

177 sec.

152 sec.

194 zec.

= HET®

80
70
60
o
éz 50
g 40 ==@==\/CF Record
=
30 =@=Graph Node
20
10
. 0
Neo4] 0 5 10 15 20 25 30 35 40
No. of Variants (in million)
4 sec
10 sec
8 sec
2 sec
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Results

#4FILTE - PASS Descri ption="All filters passed">
=20150218
e=ftp: //ftp moog

:m; Sl e Pre-processing
49250621>
43199373>
Polymorphism”>

: >1OOGB

' of 2LU clement” Use public
# me=Integer,Description="Confide: .
Trim and Left Align VCF available sources or . No ‘
VCF from 1000 o i g in-house tools to Annotate VCF files

32 hours

add annotation

6;BAF=

Genomes project B
containing 39.7 o I T

1;AF=
07AFR_AF=

million variants; 1092 ...

0;AFR_AF= |

v
e ey VCF file .~ Variations are trimmed \ Yes | Load VCF to available tool , e VEE
00055t 08T Ne 25045 DB-5007 R BB 601 e A and left aligned? for analysis
L//\

e

V/CF Storage — Variant Analysis < AL Varianstesttso e « Qu ery ti me:
2ms
v Iterative analysis
End
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Another use-case — DMS (Dealer Management System)

Data Warehouse
Data Staging and Pre-Processing as Customer Site 1
——— On-site
~ |DMms
Monitoring ~ Users

&
&

Consistency

Server Management Checker

Console

Development l
5

Reporting

1

— b=
! =il

Dev Server Dev Server Reporting

Secure Protocol _ Data Flow
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Conclusion

* All underlying approaches in data integration settle on consistency

* Due to the iterative nature of analysis, the clinical datasets need to be
parsed several times to extract the desired information

* In order to improve the query and processing times, we introduced a
graph model as an alternative data structure

* The data from VCF and source files was converted to nodes and edges
in our graph.

* The native graph database, Neo4j was used to construct our graph.

* This reduced our query time significantly as it takes a constant of 2ms
to reach any node, no matter how many nodes are present
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Future Direction

* Benchmark the system against bigger datasets for further testing

* The graph model will be tweaked to a high performance in-memory
environment, which will make the model more efficient.

* New variations could be added to the model, without inserting the
graph model to the graph database again

* The use of in-memory and HPC frameworks will make it easy to parse
variations which will in turn make analysis faster, less expensive and
more accurate

* The approach will be examined in other use-cases to test the efficacy
of the approach in other domains
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Thank you! Questions?

b.arshad@derby.ac.uk
s.aizad@derby.ac.uk
7 @bilalarshadali
@sannaaizad
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