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* What problem needs to be solved?
e Alignment repository & interface
e Taxonomy repository & interface
o Application examples

* Future plans

Genome Informatics, Hinxton, 9/13/2008 2



JGIO
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DI L I ELNL

Source DNA

|

The Standard WGS Sequencing Project

Fail
WGS Library Pass | 10-plate Pass | 4x Production o 4x Assembly
creation (3, 8, 40 kb) library QC Sequencing » Analysis
- A v ]
Fail 8x Production | 8Xx Assembly
. Sequencing Analysis
15 random fosmid Fail
clones
Subcloned library | Pass | Subcloned | Pass
creation library QC
Fail
VAR
EST library creation | Pass,| 1-plate library | Pass | Production ,| Clustering &
(multiple) QC Sequencing Analysis
~
T Fail
Key

Source RNA
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jG| The Standard WGS Library QC Procedure

DOE JOINT GENOME INSTITIJTE

DI L I ELNL

Input: 10 384_—we|| plates of 3, JGI Contaminants Input: JGI Contaminants
8, or 40 kb library sequence > screening database
Construg:tlon of trimmed, unique, » JGI Vectors screening «—— Input: JGI Vectors database
insertful data sets
v

Assorted Per-Plate Stats:
* Read, clone, sequence pass rates
* Insertless rate

y

Organelle screening [ Input: Organelle sequence(s)

v » Insert size estimation [«
GC Content Analysis: Input: Subcloned
» Mean GC per plate fosmids/BACs
« Iterative Gaussian curve-fits > Genome size estimation ¢

v

Kitchen-Sink BLAST Analysis: heon Analvais:

« Hits analyzed by R phTrap Analyss: _

superkingdom, correct genus * phrap assembly of insertful sequence
and species * Kitchen-sink BLAST of large contigs

 Hits analyzed by organelle

Genome Informatics, Hinxton, 9/13/2008 4



What Problem Needs To Be Solved?

* The goal Is to fully automate the standard
production analysis processes, downstream
of sequence generation

o Alignment-related issues
— Volume of alignment data
— Alignment CPU time
— Alignment software maintainability
— Integration with taxonomic information

Genome Informatics, Hinxton, 9/13/2008 5



Alignment Software Maintainability

 Different aligners often have different alignment
output formats, some more efficient than others

« Modifying every alignment-related tool to handle
every output format is a losing battle

e Tying tools directly to specific storage mechanisms
(flatfile, database, etc.) complicates hardware
management, and constrains future development

 Implementing an alignment repository with a
standard interface decouples alignment-related
tools from these details, and helps future-proof
them

Genome Informatics, Hinxton, 9/13/2008 6



GIC How The Parts Fit Together
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Alignment Subsystem

" 4 '\Engine
“““-a____A____f"" I
>
Alignment
] | Data QC Tools
- § , N SR H‘I?fp_o_s_liorri\;"/ N
Project Sequence T:;(H)my >
Meta-Data Repository | Repository N
—
- v
,/ QC Batch » QC Reports
\_‘ Reports /// { Repository
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JIGIC The Alignment Storage Interface
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JGI_Alignment_ Set > JGI_Alignment

Source file(s) * Query & subject names
Alignment set type Query & subject lengths
Query set name & type Alignment strand
Subject set name & type Alignment block sizes

Aligner name, version, parameters add alignments / Start positions (query)
Assorted optional flags = : Start positions (subject)

Mismatch locations
(Optional) Score & E value

~_
B Alignment
Set :
Repository Repository

~
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JGIS
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The Alignment Retrieval Interface

JGI_Alignment_Manager

JGI_Alignment_Set

* Source file(s)
® Alignment set type

subject set name & type
* Assorted optional flags

® Query sel name & type or [~

@Iignmeﬁﬁ) next_alignment

T e

get_full_data
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Set
Repository
. P -

get_queries

get_subjects

get_summary_stats

JGI_Alignment

Alignment
Repository




JGIS
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The Alignment Engine

JGI_Alignment_Set

Partition queries__________ JGI Job Set
into N blocks - _

Alignment set type

Query set name & data file
Subject set name & data file
Assorted optional flags

Genome Informatics, Hinxton, 9/13/2008
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JIGIC The Taxonomy Interface
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JGI_Alignment_Set Stored internally | JGI_Tax_ Mapper I

B B < map_ncbi_to tax_}d&;:j:-( . GUTax ID

< retrieve_taxonomy_info - =% . Naps

— e —

< get_taxonomy ids e “map_nchi_to_organclle flags <« | Gl/Organclle
B SE—— | e . Maps

 get_taxonomy_flags S

I :.‘?ggi___taxonomy_subset__su mmal_f}:x 5 e T — i
L == ' @ tax_id by rank e < : . NCBI Tax

= =Tt Names, Nodes

c".::__get_taxonomy_names:f.v ; map_ncbi_to_tax_namt;: o«

N— |

—f.j:égETtaxonomy_line_s;ldgfé:} -------------------------------------------------------- H_:_ nebi_tax_lineage ;4
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JIGIC Application: The Rolling QC System
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Alignment Data Storage Alignment Data Retrieval
~Run Fol:i‘é“i:“‘“«\] " Report N.--""x{_lhra; N QC Report QC Report
- Processing ' Initiation ~  Analysis ‘. Set-up ~ Calculations
et Jhidiauon. ANANSIS oerup o

A 4 :
> JGI_Alignment_Set

X > JGI_Alignment_Manager
‘ JGI_Alignment ‘ :
l..n . - >|[ JGI_Alignment_Set }1 71— JGI_Tax_Mapper
‘ JGI_Alignment ‘ ‘ : lon A
|
v ) = > JGI_Alignment_Set <
Alignment ‘ ‘ : Taxonomy
Repository | | Repository
|
!
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Production System Statistics

JGIO (9/12/2008)
Data Type # of Entries Disk Space

Alignments 345,478,750 84.4 GB
Alignment sets 3,856,905 1.1GB
Nucleotide Gl/tax ID map 136,117,316 23GB
Protein Gl/tax ID map 21,258,420 371 MB
NCBI tax names 609,597 148.5 MB

NCBI tax nodes 435,747 37 MB
Nucleotide Gl/organelle map 2,133,207 43.8 MB
Protein Gl/organelle map 582,792 11.8 MB

Genome Informatics, Hinxton, 9/13/2008
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Application: Exporting to MEGAN

JGISW (Overview)

US DEPARTMENT OF ENERGY
OFFICE OF SCIENCE

Can optionally specify an output
Need to specify: Invoked automatically for each contained file name. Automatically invokes
e Alignment set type (kitchen-sink BLAST) JGI_Alignment_Sct object by the the create_megan_file method on
e Query set name and type retrieve_data method. leach contained JGI_Alignment_Set
lobject.

JGI_Alignment Manager JGI_Alignment_Manager JGI_Alignment_Set JGI_Alignment_Manager
- - > - - > o i — - - —» MEGAN -f [fil
iinew siretrieve_data iretrieve_taxonomy_info ::ereate_megan_file < ]

Integrated (Production) Mode

Load
alignments

Initialize
object

Retrieve tax
info

Export
MEGAN file

Standalone (R&D) Mode

JGI_Alignment_Set ) JGl_Ahgr}ment_Set ) JG.l_Allgnment_Se.t ) JGI_Alignment_Set »| MEGAN -f [filename]|
i:new ::add_alignments siretrieve_taxonomy_info s:ereate_megan_file
Need to specify:
o Source file(s)
e Alignment set type (kitchen-sink BLAST) Invoked automatically by the Can optionally specify an output
e Dummy query and subject set names add_alignments method. file name.
e Run folder query set type
e NCBI nt database subject set type

Genome Informatics, Hinxton, 9/13/2008 14



JGIS
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File Edit Select Layout Options Tree Window

Babd § e 5l fos &

(O ——{ 3 —-— O Escherichia coli
Proteobacteria O

o Ralstonia metallidurans CH34

care eudicotyledons |

L——(0-0———0

Witis vinifera

Apivideas ,70 apioid superclade

-—-—-—ODaucus carota

cellular organisms

Pla: dium falciparum 307

Coelomata

O
i —————()

m

Euarchontoglires

root

Fungi/Metazoa grpup

Apis mellifera

———— 0 ——~(_J——{JHamo sapiens

Glomus

Glameraceae [

Fungi |

Mus musculus

rQGlomus intraradices

L—OGlomus mosseae

~—Cluncultured Glomus

Elwpweromyces lactis NRRLY-1140

Cluncultured marine fungus

(ClEnterobacteria phage lambda

ONot assigned
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Application: Exporting to MEGAN
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Addition of support for 454 & lllumina

Full integration with the in-house sequence
repository

Protein alignment support

Migration of assorted QC metrics
Streamlined standalone R&D operation mode
Implementation of an assembly repository

Linkage to additional tools

— Java Web Start versions of MEGAN, GAVIT
— AMOS bank format (Hawkeye)

Genome Informatics, Hinxton, 9/13/2008
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GIC Examples of Sequence Meta-Data

DOE JOINT GENOME INSTITUTE

EEEEEEEEEEEEEEEEEEEE

e Sequence run meta-data
— Sequencing platform
— Sequencing library identifier
e Sequence library meta-data
— Vector & insert size information
— Genome size estimates
— Project identifier
* Project meta-data

— Organism name
— NCBI tax ID

Genome Informatics, Hinxton, 9/13/2008 18



JIGIC Alignment Repository Schema
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alignment_set_types
PK |alignment_set_type_id TINYINT
PK alignment_set_type name VARCHAR(30)

0
!
alignment_sets BEe

PK |alignment set_id INTEGER : :

i ——— PK  |alignment_id INTEGER

Eismtion e, | [P lklME FK1,I1 alignment_set id |INTEGER

alignment_start_time DATETIME ook 2 VARCHAR(80

alignment_stop_time DATETIME e s VARCH AR(S 0)
FK1,I1 |alignment_set type id |[TINYINT g;z;)é_name VARCH AREI))
12 |query set name  |VARCHAR(1024) | ) L e e
13 query_set_type VARCHAR(30) E

. subject_starts VARCHAR(1024)

14 subject_set name VARCHAR(1024) ey s_tarts VARCHAR(1024)
I5 bject set type VARCHAR(30 i o '

i:li J;;:r_sc —YPe VARCH AREI 0; 4) subject_mismatches VARCHAR(1024)

48 : subject length INTEGER

aligner version VARCHAR(10) et INTEGER

parameters VARCHAR(255) Esel};goizg - INTEGER

. B A I
query_genus_tax_id INTEGER " I\’/;lue VARCHAR(10)
query_nchbi_tax_id |INTEGER =
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JIGIC Taxonomy Repository Schema

DOE JOINT GENOME INSTITUTE
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OFFICE OF SCIENCE

ncbi_names

FKI1 tax_id INTEGER
12 |name_txt VARCHAR(255)

unique_name |VARCHAR(255) -
I1 name_class VARCHAR(32) PK,FK1 gi_number INTEGER

PK organelle_tvpe_id TINYINT

gi_organelle_nucl_map

;

ncbi_nodes
tax_id INTEGER —
= gi_taxid nucl map
11 parent_tax_id INTEGER . 0 PK |gi_number INTEGER
rank VARCHAR(32) T 1
embl code VARCHAR(16) FKI1 |tax_id INTEGER
division_id TINYINT
inherited_div_flag TINYINT
genetic_code_id TINYINT : :
inherited_GC_flag TINYINT gl_taxid_prot_map
mitochondrial_genetic_code_id TINYINT ’ —.o{PK gi_number INTEGER
inherited_MGC _flag TINYINT .
GenBank_hidden_flag TINYINT FK1tax_id  [INTEGER
hidden_subtree_root_flag TINYINT
comments VARCHAR(255)
gi_organelle_prot_map
PK,FK1 |gi_number IINTEGER
gi_number_types PK organelle_tvpe_id TINYINT
PK |gi_number_type_id |TINYINT

gi_number type name VARCHAR(80)
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JGI C Overall Rolling QC Schema
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mdm_pepost_nun 196_pls_queus brary_balch_counts prerr Ty
rportD |MTEGER | | QUELE_ID INTEGER FK1 ez id INTEGER
FK2 |QUELE_ID | INTEGER PO Hquz |PTs_RUNID VARCHAR(60} 12 |name_wt VARCHAR(25S)
LA} WorarylD INTEGER unique. VARCHAR{Z5S)
EXPIRED TINYINT FK1.UZ | Wrary_name VARCHAR(S) i o \mncu-\mm]
PTS_INFO_DATE DATETIME bie_classificatior VARGHAR(AD)
é n |sTaTUs CHAR(22} tuType CHAR{12)
STATUS CHANGE DATE| DATETIME WoType CHAR{19)
ropon_stalus FK1 | library_name aPla CHAR(S)
source_dna_type VARCHAR(S0) H ragastaredSeqUnitCount DECIMALIB 3}
bio_classification_type | VARGHAR[S0} | DATETIME
bio_classification_name |VARCHAR[ZSS) 1 DECIMAL{S.3)
e :'Imﬁ“ ':‘;ggf‘&lm’ walon_pame VARCHAR(24) ' peocessedSeqUnitChangeTime DATETIME
stariTieme DATETIME Insert_size VARCHAR[20) : sioReponStatus CHARY|22) nchi_nodes
library_typs VARCHAR([20} ' sldRepanStatisChangaTime DATETIME r
stopTime DATETIME H tax_id INTEGER
T CHAR{T0) updated_plates_needed |INTEGER H
muw :mmz: amaplect D e 1t | parent_tax_id INTEGER
12 _modnl i
libeaey Typa CHAR(18) ) " Q g rarik VARCHAR(32)
seqPlatiom CHAR(S) = wmbl_code VARCHAR(16)
maxSeqUnitCount | DECIMAL{S,3) ! § Worary_into division_id TINYINT
sequUnitCount DECIMAL{S,3) i inherited_div_flag TINYINT
dirLoc VARCHAR(128] 1 fin vk lbrary_nams VARCHARIS) aenetic_code_id TINYINT
status CHAR(22) ! |FK1 [PTS_RUNID |VARCHAR| herited_GC_fl TINYINT
VARCHAR{20) | — 0 Ut | Brary ki INTEGER mitochoniel g?mll: code_id | TINYINT
procassil INTEGER | Ul | INTEGER activit VARCHAR(S) inherited_ MGC_flag | TINYINT
sgeobil INTEGER | |FK2 [library_name | VARCHAR(4) bia_clasaiication_bd {:‘::lf-:: - GenBank_hidden_flag TINYINT
checkpaint INTEGER ! plateNum INTEGER o) hidden_subtres_roat_flag TINYINT
i plateStrand | CHAR(T) A rN'jr"éG"E’:!“-“-' comments VARCHAR|265)
Attempt  [TINYINT b oooocommam 4
! :?:LW . VARCHAR{128) PO H genoma_size_finished kb | DECIMAL(11.2) # #
checkpoint P ! Ik CHAR(22 genome_sice_pi_kb DECIMAL(11.2)
report e i Rt ibeshin vchLnEam] gonome_size_qd_kb DECIMAL(11.2) g g
email_address :;:E;:;MWI H processiD INTEGER genus i ?;‘r:rﬁetéﬂil:ik{&cl G taxid_nucl_map fi_taxid_peot_map
tax_typs \ [enUE_tax_|
label | VARCHAR{255) Ieary typs | CHAR{19) i :f:;::.“ :::Eg:: insort_size_type VARCHAR{10) PK | gi_numbe [N"EGER PK ]m.uumhu ]IN"EGER
bit | TINYINT 10q_type CHARY3) | Kingdorn VARCHAR{Z0)
e RE) ! ".':“n“"‘_""."“ ::;;2:: po i INTEGER FK1 ran_i |msse& K1 |m_u1 |mr£-'ssk
| checkpoin
1 plates_requested INTEGER
i pme_project_id INTEGER
H projct_type VARCHAR{30]
H task_chackpoint sample_number INTEGER
i VARCHAR{10) gi_organelle_nud_map gi_organelie_prot_map
| size_sstimated DECIMAL(11.2) | =
i PHFK INTEGER PIFK e INTEGER
: label | VARCHAR(255) mire_src_irasfeed | VARGHARIXG) i :;I,;",:mguwk type id | TINYINT Pk |orasnelle type i | TINVINT
Q frgall favsciss al_sequence kb | DECIMAL(11.2)
— ze_qc_assembly_kb | DECIMAL{11.2)
- sourCe_cna_type VARCHAR{30)
read_name VARCHAR(20) e VARCHAR(S0)
= VARCHAR(B0)
U1 road_id INTEGER VARGHAR{B0)
FK1,4 | PTS_RUN_ID e} H VARCHAR{30) @l_numiber_types
pair_id INTEGER VARCTHAR(30] = =
ginumber_type id
FK2)2 | Nbrary_name VARCHAR(S) ::Eg:: PK | |IIN\‘INT
INTEGER v
™ INTEGER vactor_name VARCHAR{3D) |9I Fumiber_lype nu.-m|vARmAﬁr.a01
VARCHAR{S)
TINYINT
TINYINT
TINYINT
TINYINT akgnmont_sel_types AGAMGNE_sats algnments.
e Pk [aonment sst twe ki | TINVINT PK_ |alaomenisstil | INTEGER PK_|alaoment i INTEGER
TINYINT PK | alig #o1_type_name
Key DECIMAL(Z.4) registration_time DATETIME FK1I1 |alignment_set ki |INTEGER
TINYINT alignment_start_time | DATETIME subject_name VARCHAR(BO)
— = TINYINT alignment_siop_tme | DATETIME VARCHAR(S0)
Fun Folder Tables e FRLI | alignment_sat_typa_id | TINYINT VARGHAR(1)
[ Fead Tabi i 12 Qubry_56t_name VARCHAR(1024) [0 VARCHAR(1024)
- — TINYINT 13 VARCHAR{30) VARCHARY{1024)
14 VARCHAR{1024) VARCHAR{1034)
15 VARCHAR({30) VARCHAR{1024)
VARCHARY1024) INTEGER
- VARCHAR{10) INTEGER
parsmeters VARCHAR{255) INTEGER
query_genus_tax_id INTEGER VARCHAR(10]
query_nehi tax i | INTEGER
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Nice Implementation Features of the

Taxonomy Interface

e Caching of parent tax IDs at different
taxonomy tree levels

 Single walk-up-the-tree method, with a
switch for returning application-specific sets
of information

Genome Informatics, Hinxton, 9/13/2008 22



Nice Implementation Features of the

Alignment Interface

e Sharing of a single JGI_Tax_Mapper object
across groups of JGI_Alignment_Set objects

e Automatic retrieval of taxonomy information,
based on alignment set type

e Automatic retrieval of minimal alignment
Information, based on alignment set type

o Automatic mapping of different data set types
(run, library, organism)

e Numerous internal checks & initializations, to
minimize the need for users to specify parameters,
and to catch inconsistencies.
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GIC Current Hardware Configuration
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* Production MySQL server

— Dual dual-core 2.0 GHz AMD Opteron
- 8 GB RAM
— 1.1 TB local storage

e Two production analysis machines
— Dual quad-core 1.60 GHz Intel Xeon
— 16 GB RAM
— 1.3 TB local storage

e Development MySQL server

— Dual dual-core 2.2 GHz AMD Opteron
- 8 GB RAM
— 1.3 TB local storage
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Changes Needed to Scale Up

o Separate database servers for each
seguencing platform (possibly multiple ones
for each), with automatic routing

o Separate read/write database instances,
with automatic routing

e Switch to automatic database table
partitioning

e Bulk loading of alignments

Genome Informatics, Hinxton, 9/13/2008 25



- Use Case: Subcloned Fosmid
JGIO Coverage Method

EEEEEEEEEEEEEEEEEEEE

v
A
A
A
LA

VA

Subcloned Fosmids NINRENNARENINERERRENREEED

Count the alignments covering each
subcloned fosmid base

Histogram of
all bases

X

Number f(x)=N- exp[_d] : W

of Bases Poisson curve-fit
—|_}—,_ﬁ d = Estimated sequence depth

Number of Alignments N = Number of subcloned fosmid bases
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JGI G Use Case: Exporting to GAVIT
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File Edit View Action Reports Help
lAzsermbly Scaffold Panel

¢ =scaffold_15
Contig_273 Scaffold Name : scaffold_15 Read Depth Graph : (Max Scale =20y

Contig_2 1&

Contig_26%
Contig_17@
Contig_300
Contig_2&5
Contig_331
Contig_35
scaffold 1€
scaffold_42 Contig Panel
scaffold 74
scaffold_38 @ All Reads ) Sanger Reads
scaffold 23
scaffold 1432

Zoom [}

FYTYTYY

KN 1l | »

Concensus Panel

|1 |20 140 |60 |80 1100

T TTATTAAGTATTTAACTAAGC TARATTATAAAC TARTTAAAAAARC TTAACCTTCTC TARGGTTATATARACC TATTTTAAC TATAAC TATAGTARARAAACGT
[«Tu]

Reports Panel

[ GC Content | Read Depth | Clone Coverage | Reads Summary |

IC

Successfully Loaded Scaffold : scaffold_15
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Application: The Rolling QC System

JGIO (Detailed)
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Alignment Data Storage Alignment Data Retrieval

Run Fobder Processing Bepart Initiation P phrap Analyis Chioaditien s
oot Staty
- —_ = = A A A
- [

P 0OC Report
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I
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I . S F I
I JEN_Alignment_Setz: " | |
| v run_alignments | | 1
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| | | o JGIAlizament_Set:: 5 |
| " T reirieve_data |
| | i |
| ¢ | A |
| h | | L |
| | | |
| e Alignment Set | ! amrval by o i |
: e ] : o 98 |
| o
| h i i | o/ AGI Alignment Set:: |
| s | I ' retrieve_tnvenomy_info |
[ Atignment [ | S |
| Sety i | |
| | | |
| A v ] | |
| i | |
| | |
I
| Aligmments | i | |
! Y | ! |
I A ] ! b I
| | — |
| Libeary lafo : | A |
[ i | |
| u |
----------------------------------------- A4 ¥ ¥ :
g ] [ 5 1 |
i .. | GITas 1D o Glrganclle |
ABignment Class Alignement Repositary | Maps Nodan Mags. |
|
|

g
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[ O Amalysis Process | ey Reposdtary
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