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King College London - TwinsUK Project

« Collaboration between the KCL and
CERN openlab

* Try to optimize genomics data
storage and processing using HEP
tools

» Working on a local 400TB copy of
TwinsUK data

750 Monozygotic twins
* 900 Dizygotic twins
+ 138 singletons
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TwinsUK

The TwinsUK resource is the biggest UK adult twin registry of 12,000 twins used to

DATA MEDIA AND SCIENTIFIC TOOLS & LEARNING
ACCESS = ENGAGEMENT = PUBLICATIONS = INFORMATION & TRAINING

Staff | Contact Us

study the genetic and environmental aetiology of age related complex traits and

diseases.
MORE ABOUT US

Latest News LIV

World Alzheimer’s Day 2017: Q&A with Dr Claire Steves

Dr Claire Steves is both a as well as a gt
and is the principal investigator for ageing and frailty at the
Dep of Twin ing health and fitness in

SEEKING TWINS
ARE YOU A TWIN OR DO YOU KNOW A TWIN?
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Join TwinsUK the UK’s largest adult Twin Health Registry (for twins aged
18+) which is also part of the government-funded National Institute for
Health Research (NIHR) Bioresouce to help us find the link between our
genes, the environment and common diseases.

During the study, volunteers have a full health assessment at St Thomas’
Hospital and receive a health report. The study will help researchers work
out how urban living and the air we breathe affects our health and the
health of future generations.

For further information on registering click here, call The

older people. As a ician, Claire i in

D of Twin on 020 7188 5555 or email

ac.uk

and delirium and focuses on people with complex that
require specialist approaches to [...]

Continue reading...

VIEW ALL NEWS
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Useful information relating to our twins Our research in the media. Promoting the

dissemination of research
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SCIENTIFIC ... DATA
PUBLICATIONS ACCESS

A comprehensive list of all our peer
reviewed scientific publications

Helping to promote the advancement of
worldwide scientific research using our
data
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Department of Twin Research & Genetic Epidemiology, King's College London, UK
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National Institute for
Health Research
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Rapidly Increasing Amount of Genomics Data

- Next generation Sequencing (NGS)
- Dramatic increase in the amount of data
 Improved data confidence

- NGS is enabler for more sophisticated
research questions in Genomics

T
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Issue: Leaps in sequencing technology have outperformed advances in
computing
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Growth of DNA Sequencing
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Growth of DNA sequencing data both in terms sequenced human genomes and total sequencing capacity

:". gERgnlab . Z. D. Stephens, S. Y. Lee, F. Faghri, R. H. Campbell, C. Zhai, M. J. Efron, R. lyer, M. C. Schatz, S. Sinha, and G. E. Robinson, “Big data: 5
k= OP Astronomical or genomical?”, Plos biology, vol. 13, no. 7, e1002195, 2015.




Genomics Data

Understanding genomics data is not trivial at all.

BIOLOGY 15 ARGELY SOLVED! | | BUT EVENF IT WERE, DNAISTHE | | OK, TRY OPENING GOOGLE.COM
DNA 15 THE SOURCE CODE. RESULT OF THE MOST AGERESSIVE | | AND CLICKING "VIEW SOURCE.
FOR OUR BODIES, NOWTHAT | | OPTIMIZATION PROCESS IN THE , OK T OH Y GOD:
GENE. SEQUENCING IS ERSY, UNIVERSE, RUNNING N PARALLEL ) ‘

WE JUST HAVE. TO READ IT. AT EVERY LEVEL, IN EVERY UVING | | THATS JUST A Few YEARS OF
IT'S NOT" TUST “SOURCE THING, FOR FOUR BILLION YEARS. | | OPTIMIZATION BY GOOGLE. DEVS.

il DNA 15 THOUSANDS OF TIMES

&wém‘;&m I STLL JUoT CoPE. LONGER AND LAY, LAY LORSE.

EXTERNAL PROCESSING. \ oL, BIOLOGY
S MPOSSIBLE.
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SAM - Sequence Alignment/Map

* Text-based format for storing biological sequences aligned to a reference one

61 71 81 91 101 111 121 131
CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA
CACACACATCCTAACACTACCCTAACACAGCCCTAATTTAACCCTGGCCAACCTGT  TCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA
CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCT  CTTACCCTCCATTACCCTGCCTCCATTCGTTA

] CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCT CACTCGTTA
. S AM - P|a|ntext CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCA TTA
CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATT A

: CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTG
« BAM - Bina ry Com pres Se( CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCC

CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCC

CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA

CACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA

ACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA

CTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA

CCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA

CAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA

AACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA

CAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTA

Challenge: data size is extremely large (about 500GB for a single human genome)

=V Cern Genomic data size will overtake LHC data in the coming years .
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SAM Example

©SQ SN:chrM LN:16571

©SQ SN:chrX LN:155270560
SOLEXA-1GA-2_2 © chrl 10145
SOLEXA-1GA-2_2 © chrl 10148
SOLEXA-1GA-2_2 16 chrl 10149
SOLEXA-1GA-2_2 © chrl 10150

25
25
25
25

36M
36M
36M
36M

X X x %

OO0

OO0

AACCCCTAACCCTAACCCTAACCCTA
CCCTAACCCTAACCCTAACCCTAACC
CCAAACACTAACCCTAACCCTAACCC
CTAACCCTAAACCTAACCCTAACCCT

The file consists of a header section (lines starting with a @)
and an alignment section with 11 mandatory fields + several optional fields

hhhhHcWhhHTghcKA_ONhAAEEBZ
hbfhhhXUYhT_ULZdLRTKNIMIKG NM:1:0
><>BE>?>?D>>?B?D>DBC?E@BDH NM:1:1 X1:i:1
hhwW_XTMXNOHQQWMILHGIFMJGJ

A human genome SAM file consist of about 1 billion lines in the alignhement section and is about 500GB large
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SAM Data Structure

Col Field Type Brief Description

1 QNAME String Query template NAME

2 FLAG Int bitwise FLAG

3 RNAME String References sequence NAME

4 POS Int 1-based leftmost mapping POSition

5 MAPQ Int MAPing Quality

6 CIGAR String CIGAR string

7 RNEXT String Ref. name of the mate/NEXT read

8 PNEXT Int Position of the mate/NEXT read

9 TLEN Int observed Template LENgth

10 SEQ String segment SEQuence

11 QUAL String ASCII of Phred-scaled base QUALity+33
ot St )



BAM - Binary Alignment/Map

- BGZF is block compression implemented on top of the standard gzip file
format

* File is gunzip compatible
- Each 64KB block of data is compressed and added to the file
 Using an .bai index file, random access is supported in the BAM file

V1. CERN
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ROOT Framework

CHAIN
Collection

Don’t reinvent the wheel atee )

Tree
fScanFleld .
fMaxEventLoop |
fMaxVirtualSize|

¥ BTN
4 = fEntries 4
; g tDimensign | .
2 : ' SelectédRows
\ \‘

'  Data Analysis Framework

Most of the challenges with massive || — 1

fBasketEvent
Array of fMaxBaskets Integers

data processing are common to HEF. b
ROOT has decades of experience in
software design and optimisation

fTitle: TreePave name ¢ | rziputter

e
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Conversion - SAM to ROOT

We convert from TAB-delimited SAM format to a ROOT TTree

SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:
SOLEXA-1GA-2_2_FC20EMB:

ROOT handles compression, memory buffers, datatypes, endian-ness, etc.

130:
644:
628:
485:
501:
882:
509:
880:
922:

:1251:979:328
:102:214:278
:195:284:685
:35:583:827
1248:
:236:
:165:
:1608:
1240:
:258:
:197:
:160:
1249:
:13:922:731
162:877:892
:172:417:550
:129:615:872
1223:388:145
:196:950:794
:6:541:676
:32:129:784

724
107
70

455
237
389
870
612
808

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

OO O DD DD DODODDODODDODODODODDODODOODOD
OO O OO DO DODODDODODDODODODDODODOODOD

AACCCCTAACCCTAACCCTAACCCTAACCCTAAACT
CCCTAACCCTAACCCTAACCCTAACCCTAACCTAAC
CCAAACACTAACCCTAACCCTAACCCTAACCTAACC
CTAACCCTAAACCTAACCCTAACCCTAACCTAACCA
AACCCTAACCCTAACCCCAACCCTAACCTAACCCTA
CCCTAACCCTAACCCTAACCCTAACCTAACCCTAAC
CCTAACCCTAACCCTAACCTTTACATAACCCTAACC
CTAACCCTAACCCTAACCCTAACATAACCCTAACCC
AACCCTAACCCTAACCCTAACCTAACCCTAACCATA
CTAACCCTAAACCTAACCCCTAACCCTAACCCTAAA
TAAACCGAACCCGAACCCCTAACCCTAACCCTAAAC
AACCCTAACCCTAACTCCTAACCCTAACCCTAAACA
AACACTAACCCCAACCCCTAACCCTAACCCTAAACA
GACCCAAACCCTAAACCCTAAACCCTAAACCTAACC
ACCCCAACCCTACACCCTACACCCTAACCCTAACCC
AACCCTAAACCCTAAACCCTAACCCTAACCCTAACC
ACCCTAAACCCTAAACCCTAACCCTAACCCTAACCC
CCCTAAACCCTAAACCCTAACCCTAACCCTAACCCT
AAAACCCAAAACCCTAACCCTAACCCTAACCCTAAC
ATCACCAACCCTAACCCCTAACCCTAACCCTAACCC
CACCCCAACCCTAACCCCTAACCCTCACCCTAACCC

The columns are defined using a C++ class.

CERN
openlab

hhhhHcWhhHTghcKA_ONhAAEEBZE?H?CBC?DA
hbfhhhXUYhT_ULZdLRTKNIMIKGLICHFFJQIN
><>B@>"?>?7D>>?B7D>DBC? E@BDHAKCEKERLOO
hhW_X]MXNOHQQWMILHGIFMIGILCFGGIAKIEH
hchPhc___cWS [VRObRXDTOUSILX0AGLGFMC@
ICF=A@BHGEGGDFLIKKYYGD*CahMaShfhNhhh
>D?BAEAA?E=]GGBK>FKDGFJPVHSFTT\QQMch
CFVIUIIIbGPROGhRhhhIhhhhhhhhhhhhfhhh
hhhchg_ORNbX] RMZLREQMNTNFLDPMDDDEDKL
IMZ0>?EGDRRhhdXKVNRZKhhhhhhhNhhhhhhh
<IJELC@SCUMY?R?D\UPWA@d] hWXN\hhhhhLh
hhhNh\0 [WUNYQKOWNSIIDNFOPHIHIAI@GDIG
hKWQRBhhB" * Ah* hhhhhhhhhhhhhhhhhhhhhh
hMhWZaPTSZHfUMMSOJTIEKLKELKKDJ>JPCEI
CHLKEQGOUcCQ" GYdhF [hXhhhWhhhhhWhhhhh
B@BA>=EG>B@CANEDBEKBMGRCMGVITORShKhh
ghhhhhZ~h] hWeh\*SZ_QOUVL\IQWLTQJOMII
g [WhhhUHMOdWTIRNJSIGHHILLIIBFMB>?B?F
LV_KJ@c*Pf00ghThKahh* hhhhhhhhhhhhhhh
P?XLX?UGCKEHXJeU [hDVNa [hYQGhhhVhIhhh
hhhhhhhhhhhcchhhhhhhhhZh] HhfAghQATHY

$EE22zz=zsss2s5zz2:2:22%¢%
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RAMRecord Class

class RAMRecord : public TObject {

public:
enum EQualCompressionBits {
kPhred33 = BIT(14), // Default Phred+33 quality score
kIlluminaBinning = BIT(15), // Illumina 8 bin compression
kDrop = BIT(16) // Drop quality score
I
private:
TString v_qgname; // Query template NAME
UShort_t v_Tflag; // Bitwise FLAG
Int_t v_refid; // Reference sequence ID (maps to reference seq name)
Int_t V_posS; // ©-based left most mapping POSition
UChar_t v_mapq; // MAPing Quality
Int_t v_ncigar_op; // Number of CIGAR operands
UInt_t xv_cigar; //[lv_ncigar_op] (op_len<<4|op. "MIDNSHP=X" -> "@12345678")
Int_t v_refnext; // Reference ID of the mate/next read
Int_ t vV_pnext; // ©-based position of the mate/next read
Int_t v_tlen; // Observed Template LENgth
Int_t v_1seq; // Length of segment SEQuence
Int_t v_1seq?2; // (Length+1)/2 of segment SEQuence
UChar_t *V_seq; //[v_1seq2] segment SEQuence
UChar_t *v_qual; //Iv_1lseq] ASCII of Phred-scaled base QUALity+33
Int_ t v_nopt; // Number of optional fields
TString *v_opt; //[v_nopt] Optional fields
'f;';::.--‘éEp'fgmab Attribute names and types of class RAMRecord as specified in ramrecord.h 13



Performance - SAM to ROOT

There is a tradeoff between compression and read/write speed for 100GB file.

Speed comparison Filesize comparison
8 100
7
80
6
E 5
i) o
= 3 60
& s 2
2
20
0 0
ROOT:LZMA ROOT:ZLIB ROOT:LZMA ROOT:ZLIB
Compression Method Compression Method

With ZLIB compression -> 4 times faster
With LZMA compression conversion -> 15% smaller
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View - Random Access

- We also need to be able to view the information as fast as possible

- ROOT columnar structure allow us to just look at the chromosome and
position columns to optimize performance

=1 CERN
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Indexing For Fast Access

 Improve read speed by using an index
 For random access BAM format needs a BAI index file

- For ROOT implemented a RAMIndex, sparse index in combination with
fast columnar ROOQOT file scanning

- 16 bytes per entry, compressed

class RAMIndex {
private:
typedef std::pair<int,int> Key_t; // refid (of rname) and pos
typedef std::map<Key_t,Longé4_t> Index_t; // map of Key_t and TTree entry number

Index_t fIndex;

. "

=1, CERN
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View - Understanding ROOT 1/0 Parameters

- ROOT offer many parameters we need to check and profile:
« Compression Algorithm: ZLIB vs LZMA vs LZ4
« Split: Columns vs Row
- Cache: Enabled vs Disabled
- Storage: Local vs Remote
* For 20 views, the number of tests per file gives a Combinatorial Explosion
*+ 3x2x2x2x20 =480 views per file

- Would be good to have a machine learning module in ROOT to optimize
these parameters depending on different usage patterns

V1. CERN
%,,& openlab 17




View - Performance

6

4

2 o

0 . .

ks e Haks e
o N B O

Speed [MB/s]

LZMA LZMA LZMA ZLIB ZLIB ZLIB ZLIB
Index Index Index Index
Split Split Split Split

R Median read speed for ramtools across different parameter settings
%y~ openlab 18




View - Performance
Viewing 3 different regions from a 9-18 GB file

9,0

7,5

6,0

4,5

Seconds

3,0

1,5

0,0

BAM RAM LZMA RAM ZLIB RAM LZ4

Compression Method
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Further Work

* Increase file sample - The study was done on only one base SAM file
(subsampled to 10% and 1%). Conversion, indexing and views should be run on
different SAM files so sample bias is reduced

- Extended format comparison - The current work compared only to the well
established BAM format. However, comparisons to formats such as CRAM should

be made to see the relative performances in compression rate and speed and
read speed, respectively

- Support for additional operations - Add to ramtools support for sort, merge, split or
stats.

- FASTQ/FASTA conversion - The raw sequencer data format. Simpler but closely
resembling SAM. Most of the TTree advantages apply also to this type of data. In
fact, recent research in formats like LFQC has many analogies to how ROOT
branches are used to compress data fields separately, optimizing compression
and read speed.

V1. CERN
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CERN openlab GeneROOT Technology Transfer Benefits

- Additional use case for CERN’s ROOT technology
* Return flow of know-how benefiting the ROOT User community
- CERN openlab provides a doctoral student who gains valuable experience

- Entire Omics community would benefit from improved analysis tools to
handle rapidly growing amounts of data

» Project is joint effort between CERN openlab, CERN medical applications
group, King’s College London

- Big thank you to my 2017 openlab summer student
Jose Javier Gonzalez Ortiz
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