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1. Single Nucleotide Polymorphisms

>600 million SNPs in humans

>130,000 identified as pathogenic 



Why are variants important?
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Monogenic (Mendelian) vs Complex Disease/Traits
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Rare monogenic disease

Cystic Fibrosis

Sickle-cell anemia

Muscular Dystrophy

Huntingtons

Complex disease/traits

Rheumatoid Arthritis

Alzheimer’s disease 

Height

Intelligence

Gene x Environment



Risk of developing AD

20% no ε4 mean age onset 84yrs

47% one ε4 mean age onset 75yrs

91% two ε4 mean age onset 68yrs

Apolipoprotein E and 

Alzheimer’s disease

ε4 allele frequency: 14%

Isotype





2. Cognitive Genetics

Identification of genetic 

variants which regulate 

the level of cognitive 

ability/decline with age

Memory

Novel Problem Solving

Vocabulary Ability

Processing Speed



1883 - Francis Galton
“supplanting inefficient human stock by 

  better strains, by such efforts as may be 

  reasonable, to further the ends of evolution

  more rapidly”
              Galton F. (1883). Inquires into human faculty. Macmillan. London

1912 - Tests used at Ellis Island 

 Discovered that large percentages of the

 new immigrants were “feeble-minded”. 

1900 - Henry Goddard 
    IQ test rankings: “idiots, imbeciles,

    and morons” 

A Controversial Past

http://en.wikipedia.org/wiki/Image:Ellis_island_1902.jpg
http://en.wikipedia.org/wiki/File:Henry_H._Goddard.jpg




Should we screen embryos to select for intelligence?

Will only the very rich have access to new drugs/tech?

Ethical to develop “super-human” intellect?

A Controversial Future?

http://nootropics.com/index.html


Cognitive impairment UK: >£26 bill

900,000





3. UoM Cognitive Ageing 

Cohort (1982)

>6500 volunteers aged 50yrs +

Manchester and Newcastle

66% female 

Almost all Caucasian

Dementia was exclusion criteria

Follow-up of up to ~36 yrs 

95% of volunteers now 

deceased 



              Data

Sociodemographic 

PDQ (159 employment,

health/medication, daily activity,

hobbies, family members)

 

Cognition (28)

Fluid, memory, processing,

speed, vocabulary

Mental Health

Depression, personality, 

life-events, life satisfaction,

dementia status



General Health

  Cornell Medical Index (263)

  

Clinical Measures

  Balance, BP, BMI, Lung

  Volume, MRI (brain region 

volumes), Cortisol, Pain,

  Dysphagia, Hearing loss

Sleep 

  Pittsburgh Sleep Quality index

  Sleep Timing Questionnaire

  Sleep efficiency measures

~1000 unique measures



Biological Material

Manchester Brain Bank

Prof Federico Roncaroli

Andy Robinson

Yvonne Davidson

Brains (~140)

Brain Weight

Braak Stage

CERAD Score

Primary age-related tauopathy

Clinical diagnosis

WMH

Cerebral blood flow



Biological Material
 

1563 DNA samples (minimum of 17 years follow-up)

GWAS imputed to 1000 genomes, HRC, HLA (Impute 2)

Epigenetic, CNVs, Transcriptomic

Plasma, Serum (600)



>100 publications with ~75 genetic
Cognition, Dementia, Pain, Dysphagia, Depression, Longevity

1. Manchester-Edinburgh Collaboration
GWAS cognitive ability and non-pathological decline 

BBSRC £1.3 mill, 2008

3500 volunteers (≥ 50 years)



TOMM40/APOE locus
Associated with cog decline
Davies et al. Mol Psych. 2014. 19: 76-87

Payton et al. Neurobiol Aging. 2016.39:217.e1-7

Intelligence (h2 =51%)

GWAS unrelated individuals

Consistent with twin studies
Davies et al. Mol Psych. 2011. 16: 996-1005



APOE levels and DNA methylation in superior frontal gyrus

DNA methylation at TOMM40 promoter was associated with 

A plaques and rate of cognitive decline

APOE 4 carriers had significantly higher methylation in the 

promoter region compared to non-4 carriers



THM-1: Genetic variants are likely to have 

partners in crime



2. Educational Attainment (COGENT consortium)

293,723 individuals, 30+ yrs, European decent, ~9.3M SNPs

74 independent genome-wide significant (5x10-8) loci identified
Okbay et al. 2016. Nature. 533: 539-42.

3 million individuals; 3952 independent SNPs identified
Okbay et al. 2022. Nature Genetics. 54(4):437-449



THM-2: Seek collaborators 
Increase statistical power

Learn from one another



3. Effect of hypertension on AD pathology  

Mid-life (40-65 years) hypertension is a significant risk for 

vascular dementia and AD.

Late-life (>65 years) is more complex with some studies 

suggesting that hypertension may be protective against cognitive

decline and dementia.

Late-life hypertension reduces AD pathology, possibly mediated 

by increasing blood flow to brain and helping A clearance.



THM-3: Risk factors may change 

throughout life



Future studies
Most of the research has used 

cognitive measures, but there’s 

a lot of data that hasn’t been 

investigated in detail:

Life-long learning

Pollution

Depression

Personality

General Health

Imaging (WMH, brain volumes)

Summary not itemised data 

used; 25% data still not entered

NGS, other OMICs





4. Virtual Reality/AI and Healthcare



What is Virtual Reality?

Computer-generated simulation of a 3D image or environment 

that can be interacted with in a seemingly real or physical way.



AI/VR: STAKEHOLDER BENEFITS

TEACHING 
STAFF

STUDENTS
HEALTHCARE

INDUSTRY

Remove need 
for repeated

training (time 
and cost saving)

Ability to 
practice

Immediate 
performance

related 
feedback

Better trained 
professionals

Improved 
patient safety



VR Evaluation 2019







Transforming healthcare training and improving
patient safety through Virtual Reality and
Natural Language Processing



Evolution of VR/AI technology

2019 2020               2023  

Integrated with Meta AI Chatbot

2024?

Useful for HE

• Light Weight (0.5kg)

• Transportable

• Reasonably Priced

• Easy to use



Live Video-based AI Facial Mocap



Other VR/AI Functionality

Eye Tracking Hand Tracking

Monitoring BehaviourVoice Cloning







Natural Language Processing







Saturday 8th June 2024



tony.payton@sentiraxr.com

mailto:tony.payton@sentiraxr.com
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