
BOLT + Helical: Powering Genomic 
Prediction in Global Cattle Breeding

Dan Garrick, PhD
The Helical Company Ltd

Founder & Managing Director
New Zealand

Dan@HelicalCo.com

Adjunct Lecturer
A.L. Rae Centre for Genetics & Breeding

Massey University

Theta Solutions LLC
CEO & Managing Partner since January 2021

USA
www.ThetaSolutionsLLC.com

mailto:dan@HelicalCo.com
http://www.thetasolutionsllc.com/


About me

Garrick et al., Journal of Computational Physics (2017).

V-22 Osprey

Fuel spray in supersonic flow (scramjet)



What do Supersonic Combustion Ramjets 
and Genetics have in common?



Our Goal: Data to Business Value

• A complete solution for genetic improvement requires
• A breeding objective

• Field collection
• of pedigree data 

• of performance data

• of DNA samples

• Assaying of genotypes from DNA samples (e.g. Illumina, Affymetrix, etc)

• IT / database / cloud / computing infrastructure

• Data Analysis

• Interpretation of results

• Informed decision making

Our software

Our “know how”



What is BOLT?

ABTK

BOLT1.0

1990s

2011

BOLT1.5

BOLT2.0

2017

2021

2022

“BOLT” - Software for “Open Box” 
MME - PBLUP/SNPBLUP/GBLUP

Jan 2017 – Dan joins Theta

Jan 2021 – Dan becomes CEO 

BOLT powers weekly single-step evaluations on tens 

of millions of beef cattle globally starting in 2017

• Biometric Open Language Tools

• Generalised software which can fit many different 
types of models, principally pedigree “PBLUP”, marker 
effects “SNPBLUP”, “ss-MEM”, and GRM “GBLUP”, 
“ss-GBLUP” models

• Takes advantage of modern Graphics Processing 
Units (GPUs) for faster computations



• Largest beef multibreed evaluation in the world

• Encompasses data from 20+ breed societies and 

counting

• >20 million pedigree and >500k genotypes across 14 

traits

• New Zealand Multibreed Dairy Evaluation

• >34.4 million pedigree and >70k genotypes 

across 27 traits

• American Hereford Association, Canadian Hereford 

Association, Argentine Hereford Association, 

Uruguay Hereford Association

• >3.8 million pedigree and >200k genotypes across 

17 traits



BOLT origins – starting in 1990’s with 
“abtk” 

• With ABTK

• Modular and flexible to fit a range of models

• Sparse, dense and diagonal matrix types

• Individual specialised tools with specific functions

• pedigree handling – recode IDs, build A-inverse

• Matrix addition and multiplication

• Gauss-Seidel solver

• tkblup to build the shell script for simple models

• Animal Breeders Tool Kit (abtk)

• Developed by Dr. Bruce Golden

• Open source

• No outside contributions except a 
Windows port

• Prior to ABTK

• “Black box” models

• Monolithic code for each trait evaluation

• Inflexible and costly to upgrade and 
maintain

• Duplicated effort and code



Theta Solutions creates BOLT – 
first major revision of abtk circa 2011

• Paid software licensing model to fund continuous research & development

• Major improvements to take advantage of modern computing hardware

• Support for Graphics Processing Units (GPU) computing

• Innovations to support various genomic and single-step models

•Added a preconditioned conjugate gradient (PCG) solver (computes EPDs)

•Added a single-site Gibbs MCMC sampling tool

•Enabled mixture models (some markers zero) and marker subset selection

•Generates a Markov chain of plausible EPD values

•Enabled calculation of PEV - Prediction Error Variances (and covariances) 

•Amongst other innovations…



BOLT – second major revision circa 2017+

• Updated PCG solver with expanded preconditioners

• New abstractions to enable more flexibility

• Extended functionality of some tools

• Introduction of model script builders

• Substantial reduction in model development effort

• Substantial reduction in production runtimes



2022+ - BOLT2 Release (Currently 
2.3.6)

•Adds support for latest generation GPUs

•Adds support for latest Linux distributions - e.g. CUDA11 and Ubuntu22.04

•New and updated tools

•impute - 2x faster for many problems

•pcg - more than 10x faster for most problems

•ssgibbsCuda - 2x faster for many problems

•Ever-growing to do list of opportunities for further enhancements

•Adjusts to meet the most pressing need(s)

•New types of phenotypes, new genotype data, new models



TREE – a new product and business model

• There existed an industry need for efficient software to 
• manage SNP chip genotype data
• process the data for parentage and single-step and other purposes
• no economical off-the-shelf solutions available

• Developed a system using open source, BOLT, and new tools

• Genotype database as a real-time service
• Simple one-off $1 per genotype sample loaded
• On demand web-based parentage analysis system
• Imputation pipelines for evaluations and mate selection
• Lots of automation
• Used across 5 species and 4 continents



Helical – another quantum leap

• Command line toolset for Linux + Mac + Windows
• Modern web-based genotype management system

• New tools for genotype manipulation, processing, and analyses
• Massive increases in flexibility and performance to complement BOLT analyses

• New tools for matrix algebra and model building –no GPU required
• Additional modules for pedigree, genetic conditions, phenotypes, EPDs



Our Goal: Data to Business Value

We provide consulting assistance on all 
aspects of the genetic improvement 

systems
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We license software on all aspects of the 
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Our Goal: Data to Business Value
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Result Flat Files 

- Animal Merit 

(EBVs)

- Prediction Error 
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- Gene effects
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Extract Flat Files

- Pedigree

- Performance

- Genotypes

BOLT 
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We provide consulting assistance on all 
aspects of the genetic improvement 

systems

We license software on all aspects of the 
information (helical) and evaluation 

systems (BOLT)

Trait Data



Helical Platform Schematic

• Lab agnostic - aggregate 

and analyze data from any 

number of genotyping 

providers

• Parent verification and 

discovery

• No technical skills required



“One-stop DNA shop”

Allows members to view and download all DNA test request results including:
• Parentage analysis results

• Genetic condition results

• Genotype call rates (including failed samples and samples needing recollection)

• Samples with quality control issues (ie: low quality, differing genotype predicted sex to 
nominated test request sex)

• Crossbred Wagyu Test (CWT)

• Wagyu Feeder Check results (WFC)

The new system - Helical



Wagyu Feeder Check

• A data flywheel to unlock value for both breed society and commercial cattle producers

• Huge growth of data collection and genotyping of commercial cattle to identify poor 

performing animals (and sires)

• Parent discovery unlocks pedigree linkages to registered bulls

• Commercial producers are incentivized to provide carcass data back to the society

• Carcass analysis enables further improved carcass trait predictions



Wagyu Feeder Check

• Farmer origin test request 
workflow

• Automated submission of test 
request files to lab and invoicing 
and reporting of results to farmers

• Automated MBV loading and 
reporting module with 
visualisations

• View sire summaries



Administrative system  
https://organisation.helicalco.com



Administrative system  
https://organisation.helicalco.com

Animal management

Member management (animals belong to members)

Member specific test requests for parentage, MBVs, or 

other results

View genotype sample information

Animal registrations

Animal transfers

Performance data management

EBV data management



Breeder cloud app – 3GP Interface
https://app.helicalco.com/organisation





Public cloud app – Animal Search
https://app.helicalco.com/public/organisation



Public cloud app – EBVs
https://app.helicalco.com/public/organisation





Our focus is innovative software for genetic 
improvement

Database Modules

Analytics Engine

Administrative Web 

Interface

Secure Breeder 

Interface

Public 

Interface

Genotyping 

Providers

Evaluation Providers

External Pedigree, Performance, or Other Data 

Providers

Continuous integration of 

new technologies and data 

pipelines including 

genomic prediction, 

selection support tools, 

data collection, and AI 

assistants, requires flexible 

and agile information 

system(s)



Thanks for your attention!

• BOLT - software for 
genetic and genomic 
evaluations

• Helical - software for 
information systems for 
genetic improvement, 
and for genetic and 
genomic evaluations
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