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NIHR BioResource – Rare Diseases (BRIDGE)

BRIDGE is an international consortium aiming to discover the
molecular basis of several classes of heritable rare diseases:
• PID - Primary Immune Disorders
• PAH - Pulmonary Arterial Hypertension
• BPD - Bleeding and Platelet Disorders
• SPEED - Specialist Pathology: Evaluating Exomes in

Diagnostics (retinal and developmental disorders)
• SRNS - Steroid Resistant Nephrotic Syndrome
• EDS - Ehlers Danlos Syndrome
• . . .

Uniform sequencing data generation across projects
500–2,000 genomes per project



Supporting institutions in the UK

NIHRBR-RD	Recrui>ng	sites	and	projects	



Supporting institutions overseas
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Patient coding with Human Phenotype Ontology (HPO)
Thousands of patients with rare diseases are being sequenced
Important to standardise patient phenotypes
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Respiratory Tract

Infections

Head

Prolonged
Bleeding After

Dental Extraction

Prolonged
Bleeding
Following
Procedure

 Bleeding

 Blood And Blood
forming Tissues

Prolonged
Bleeding After

Surgery

Bruising
Susceptibility

Impaired
Epinephrine

induced Platelet
Aggregation

Thrombocytes

Bleeding With
Minor Or No

Trauma

 Number Of Dense
Granules

 Dense Granules

 Dense Granule
Content

Childhood Onset

All

Type I Diabetes
Mellitus

Phenotypic
Abnormality

Metabolism/homeostasis
 Liver Function
Tests During
Pregnancy

Hypercholesterolemia  Hemoglobin

 Blood And Blood
forming Tissues

Increased Mean
Platelet Volume

Thrombocytes

Thrombocytopenia

Young Adult Onset

All

Sporadic

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Increased Mean
Platelet Volume Menorrhagia

 Genital System
Morphology Bleeding

Breast Carcinoma

Prolonged
Bleeding After

Surgery

Prolonged
Bleeding
Following
Procedure

 Platelet
Morphology

Bleeding With
Minor Or No

Trauma

Prolonged
Bleeding After

Dental Extraction

Juvenile Onset

All

Sporadic

Menorrhagia

 Genital System
Morphology

Phenotypic
Abnormality

 Blood And Blood
forming Tissues

Thrombocytopenia

Thrombocytes

Increased Mean
Platelet Volume

Scoliosis

 Hemoglobin
Reduced Von

Willebrand Factor
Activity

Juvenile Onset

All

Spontaneous,
Recurrent
Epistaxis

Phenotypic
Abnormality

 Bleeding

 Blood And Blood
forming Tissues

Bruising
SusceptibilityMenorrhagia

 Genital System
Morphology

Familial
Predisposition

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

Thrombocytes

Impaired
Epinephrine

induced Platelet
Aggregation

 Platelet
Granules

Bleeding With
Minor Or No

Trauma

Childhood Onset

All

Autosomal
Dominant

Inheritance

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

 Platelet
Morphology

Increased Mean
Platelet Volume

Muscular
Dystrophy

Epidermoid Cyst

Skin

 Hemoglobin

Erythrocytes

Microcytic AnemiaSubcutaneous
Hemorrhage

 Bleeding

EpistaxisMenorrhagia

 Genital System
Morphology

Young Adult Onset

All

Familial
Predisposition

Impaired ADP
induced Platelet

Aggregation

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Menorrhagia

 Genital System
Morphology

 Bleeding

Spontaneous,
Recurrent
Epistaxis

Bruising
Susceptibility

Prolonged
Bleeding After

Surgery

Prolonged
Bleeding
Following
Procedure

Post partum
Hemorrhage

 Platelet
Granules

Childhood Onset

All

Familial
Predisposition

Menorrhagia

 Genital System
Morphology

Phenotypic
Abnormality

 Bleeding

 Blood And Blood
forming Tissues

Prolonged
Bleeding After

Dental Extraction

Prolonged
Bleeding
Following
Procedure

Prolonged
Bleeding After

Surgery

Bruising
Susceptibility

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

Impaired
Arachidonic Acid
induced Platelet

Aggregation

Bleeding With
Minor Or No

Trauma

Juvenile Onset

All

Sporadic

Menorrhagia

 Genital System
Morphology

Phenotypic
Abnormality

 Bleeding

 Blood And Blood
forming Tissues

Bruising
Susceptibility

Skin

Integument

Epistaxis Palmoplantar
Hyperhidrosis

Impaired
Epinephrine

induced Platelet
Aggregation

Reduced Factor
XIII Activity

Juvenile Onset

All

Autosomal
Dominant

Inheritance

Thrombocytopenia

 Blood And Blood
forming Tissues

 Hemoglobin

Erythrocytes

Microcytic Anemia

Young Adult Onset

All

Autosomal
Dominant

Inheritance

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Increased Mean
Platelet Volume

Bruising
Susceptibility

 Bleeding

Menorrhagia

Female Internal
Genitalia

 Genital System
Morphology

Gingival Bleeding Polycystic
Ovaries

Congenital Onset

All

Sporadic

Bleeding With
Minor Or No

Trauma

 Bleeding

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Subcutaneous
Hemorrhage

Generalized
Abnormality Of

Skin

Integument

Hypothyroidism

Endocrine System

Visual Impairment

 Eye Physiology

Nystagmus

Albinism Menorrhagia

 Genital System
Morphology

Post partum
Hemorrhage

Prolonged
Bleeding
Following
Procedure

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

Thrombocytes

Impaired
Epinephrine

induced Platelet
Aggregation

Epistaxis

Prolonged
Bleeding After

Surgery

Prolonged
Bleeding After

Dental Extraction

Increased Mean
Platelet Volume

Young Adult Onset

All

Autosomal
Dominant

Inheritance

Persistent
Bleeding After

Trauma

 Bleeding

Phenotypic
Abnormality

Intramuscular
Hematoma

Bruising
Susceptibility

Juvenile Onset

All

Sporadic

Impaired
Epinephrine

induced Platelet
Aggregation

Impaired Platelet
Aggregation

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Impaired ADP
induced Platelet

Aggregation

Prolonged
Bleeding After

Surgery

Prolonged
Bleeding
Following
Procedure

 Bleeding

Prolonged
Bleeding After

Dental Extraction

Bruising
Susceptibility Uterus

Female Internal
Genitalia

 Genital System
Morphology

 Platelet
Granules

Erythrocytes

Bleeding With
Minor Or No

Trauma
Menorrhagia

Childhood Onset

All

Autosomal
Dominant

Inheritance

Thrombocytopenia

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Post partum
Hemorrhage

 Bleeding

Menorrhagia

 Genital System
Morphology

Gingival Bleeding Bruising
Susceptibility

Bleeding With
Minor Or No

Trauma

Childhood Onset

All

Autosomal
Dominant

Inheritance

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Increased Mean
Platelet Volume

Spontaneous,
Recurrent
Epistaxis

 Bleeding

Menorrhagia

 Genital System
Morphology

Bruising
Susceptibility

Asthma

Bleeding With
Minor Or No

Trauma

Prolonged
Bleeding After

Dental Extraction

 Bleeding

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

All

Bruising
Susceptibility Menorrhagia

 Genital System
Morphology

Autosomal
Dominant

Inheritance
Young Adult Onset

 Platelet
Function

Bleeding With
Minor Or No

Trauma

Childhood Onset

Onset And
Clinical Course

All

Variable
Expressivity

Autosomal
Dominant

Inheritance

Menorrhagia

Female Internal
Genitalia

 Genital System
Morphology

Genital System

Genitourinary
System

Phenotypic
Abnormality

 Bleeding

 Blood And Blood
forming Tissues

Post partum
Hemorrhage

Prolonged
Bleeding
Following
Procedure

Thrombocytopenia

Thrombocytes

Increased Mean
Platelet Volume

Spontaneous,
Recurrent
Epistaxis

Bruising
Susceptibility

Uterine Leiomyoma

Bleeding With
Minor Or No

Trauma

Prolonged
Bleeding After

Surgery

Erythrocyte
Macrocytosis

Young Adult Onset

All

Autosomal
Dominant

Inheritance

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Impaired
Epinephrine

induced Platelet
Aggregation

Menorrhagia

 Genital System
Morphology

 Bleeding

Bruising
Susceptibility

Onset And
Clinical Course

All

Mode Of
Inheritance

Impaired Collagen
induced Platelet

Aggregation

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

 Platelet
Granules

 Hemoglobin

Subcutaneous
Hemorrhage

 Bleeding

Prolonged
Bleeding After

Surgery

Prolonged
Bleeding
Following
Procedure

Prolonged
Bleeding After

Dental Extraction

 Hemoglobin

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Bleeding With
Minor Or No

Trauma

 Bleeding

Menorrhagia

 Genital System
Morphology

Post partum
Hemorrhage

Prolonged
Bleeding
Following
Procedure

Prolonged
Bleeding After

Dental Extraction

Impaired
Arachidonic Acid
induced Platelet

Aggregation

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

All

 Hemoglobin Lymphopenia

Bleeding With
Minor Or No

Trauma

 Bleeding

Epistaxis

Prolonged
Bleeding After

Surgery

Prolonged
Bleeding
Following
Procedure

Prolonged
Bleeding After

Dental Extraction

Onset And
Clinical Course

Mode Of
Inheritance

Thrombocytopenia

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Bleeding With
Minor Or No

Trauma

 Bleeding

Menorrhagia

 Genital System
Morphology

Prolonged
Bleeding After

Surgery

Prolonged
Bleeding
Following
Procedure

Prolonged
Bleeding After

Dental Extraction

 Hemoglobin Leukopenia
Impaired

Epinephrine
induced Platelet

Aggregation

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

 Hemoglobin

Bleeding With
Minor Or No

Trauma

 Bleeding

Subcutaneous
Hemorrhage

Prolonged
Bleeding After

Surgery

Prolonged
Bleeding
Following
Procedure

Prolonged
Bleeding After

Dental Extraction

Bleeding With
Minor Or No

Trauma

 Bleeding

Phenotypic
Abnormality

All

Epistaxis Menorrhagia

 Genital System
Morphology

Post partum
Hemorrhage

Prolonged
Bleeding
Following
Procedure
Prolonged

Bleeding After
Surgery

Prolonged
Bleeding After

Dental Extraction

Onset And
Clinical Course

Mode Of
Inheritance

 Hemoglobin

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Subcutaneous
Hemorrhage

 Bleeding

Menorrhagia

 Genital System
Morphology

Post partum
Hemorrhage

Prolonged
Bleeding
Following
Procedure
Prolonged

Bleeding After
Surgery

Prolonged
Bleeding After

Dental Extraction

Erythrocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Bleeding With
Minor Or No

Trauma

 Bleeding

Subcutaneous
Hemorrhage Epistaxis Menorrhagia

 Genital System
Morphology

Post partum
Hemorrhage

Prolonged
Bleeding
Following
Procedure
Prolonged

Bleeding After
Surgery

Prolonged
Bleeding After

Dental Extraction

 Hemoglobin

 Blood And Blood
forming Tissues

Bleeding With
Minor Or No

Trauma

 Bleeding

Prolonged
Bleeding After

Surgery

 Platelet
Granules

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Anemia

Erythrocytes

 Hemoglobin
Bleeding With
Minor Or No

Trauma

 Bleeding

Subcutaneous
HemorrhageEpistaxis Menorrhagia

 Genital System
Morphology

Post partum
Hemorrhage

Prolonged
Bleeding
Following
Procedure
Prolonged

Bleeding After
Surgery

Prolonged
Bleeding After

Dental Extraction
Anemia

Erythrocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

 Hemoglobin

Hyperfibrinogenemia

Bleeding With
Minor Or No

Trauma

 Bleeding

Menorrhagia

 Genital System
Morphology

Prolonged
Bleeding After

Dental Extraction

Thrombocytes

Impaired Collagen
induced Platelet

Aggregation

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Anemia

Erythrocytes

 HemoglobinSubcutaneous
Hemorrhage

 Bleeding

Menorrhagia

 Genital System
Morphology

Prolonged
Bleeding After

Surgery

Prolonged
Bleeding
Following
Procedure

Prolonged
Bleeding After

Dental Extraction

 Hemoglobin

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Bleeding With
Minor Or No

Trauma

 Bleeding

Menorrhagia

 Genital System
Morphology

Post partum
Hemorrhage

Prolonged
Bleeding
Following
Procedure
Prolonged

Bleeding After
Surgery

Prolonged
Bleeding After

Dental Extraction

Congenital Onset

Onset And
Clinical Course

All

Nonprogressive
Disorder

Congenital
Thrombocytopenia

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Gingival Bleeding

Face  Bleeding

 Umbilical Stump
Bleeding

Petechiae

Subcutaneous
Hemorrhage

Bruising
Susceptibility

Spontaneous
Hematomas

Persistent
Bleeding After

Trauma

Bleeding With
Minor Or No

Trauma

Increased
Megakaryocyte

Count

Autosomal
Dominant

Inheritance

Epistaxis

Anxiety

 Emotion/affect
Behavior

Phenotypic
Abnormality

Depression

Antinuclear
Antibody
Positivity

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Decreased Mean
Platelet Volume

Subcutaneous
Hemorrhage

 Bleeding

Epistaxis

Thrombocytopenia

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Motor Tics

Tics

Movement

Nervous System
Physiology

Phonic Tics

Chorea

Obsessive
compulsive

Disorder

Menorrhagia

 Genital System
Morphology

 Bleeding

Subcutaneous
Hemorrhage

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

All

Increased Mean
Platelet Volume

Attention Deficit
Hyperactivity

Disorder

Nervous System
Physiology

Epistaxis

Autosomal
Dominant

Inheritance Chromosome
Segregation

Phenotypic
Abnormality

Gingival Bleeding

Oral Cavity

Face

 Bleeding

 Blood And Blood
forming Tissues

Thrombocytopenia

Thrombocytes

Velopharyngeal
Insufficiency

Delayed Speech
And Language
Development

Pulmonic Stenosis

Decreased
Platelet

Glycoprotein Ib
IX V

Increased Mean
Platelet VolumeEpistaxis

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Menorrhagia

Female Internal
Genitalia

 Genital System
Morphology

Decreased
Platelet

Glycoprotein Ib
IX V

 Platelet
Function Uterus

Omphalocele

Abdomen

Defect In The
Atrial Septum

Malformation Of
The Heart And
Great Vessels

Cardiac Septa

Ventricular
Septal Defect

AsthmaVisual LossAtopic Dermatitis

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

Impaired
Epinephrine

induced Platelet
Aggregation

Increased Mean
Platelet Volume

Strabismus

Phenotypic
Abnormality

Global
Developmental

Delay

Higher Mental
Function

Nervous System
Physiology

Attention Deficit
Hyperactivity

Disorder
Impaired

Epinephrine
induced Platelet

Aggregation

Impaired Platelet
Aggregation

 Platelet
Function

 Blood And Blood
forming Tissues

Impaired ADP
induced Platelet

Aggregation

Pulmonic Stenosis

Decreased
Platelet

Glycoprotein IIb
IIIa

Subcutaneous
Hemorrhage

 Bleeding

Menorrhagia

 Genital System
Morphology Decreased

Platelet
Glycoprotein Ib

IX V

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Chromosome
Segregation

Expressive
Language Delay

Cognitive
Impairment

Global
Developmental

Delay

Chronic Otitis
Media

Cervical Spine
Instability

Subcutaneous
Hemorrhage

 Bleeding

Epistaxis

Partial Humoral
Immunodeficiency

Phenotypic
Abnormality

Attention Deficit
Hyperactivity

Disorder

Behavioural/Psychiatric
Ity

Nervous System
Physiology

Depression

Congenital
Thrombocytopenia

Thrombocytes

Giant Platelets

Congenital
Thrombocytopenia

All

Autosomal
Dominant

Inheritance

Autosomal
Dominant

Inheritance

All

Congenital Onset Congenital
Thrombocytopenia

Velopharyngeal
Insufficiency

Face

Phenotypic
Abnormality

Tetralogy Of
Fallot

Global
Developmental

Delay
Asthma

Giant Platelets

 Blood And Blood
forming Tissues

Petechiae

 Bleeding

Epistaxis

Congenital Onset

All

Autosomal
Dominant

Inheritance

Impaired
Epinephrine

induced Platelet
Aggregation

Impaired Platelet
Aggregation

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Impaired ADP
induced Platelet

Aggregation

Decreased Mean
Platelet Volume

Bleeding With
Minor Or No

Trauma

 Bleeding

Spontaneous
Hematomas

Subcutaneous
Hemorrhage

Bruising
Susceptibility Petechiae

 Number Of Dense
Granules

Congenital Onset

All

Decreased
Platelet

Glycoprotein Ib
IX V

Thrombocytes

Phenotypic
Abnormality

Increased Mean
Platelet Volume

Laryngeal
Obstruction

Specific Learning
Disability

Higher Mental
Function

Nervous System
Physiology

Attention Deficit
Hyperactivity

Disorder

Scoliosis

Congenital Onset

All

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Increased Mean
Platelet Volume

Velopharyngeal
Insufficiency

Face

Gastroesophageal
Reflux

Gastrointestinal
Tract Headache

Growth Hormone
Deficiency

Endocrine SystemHypocalcemia

Hypothyroidism

Partial Humoral
Immunodeficiency

Epistaxis

Congenital Onset

All

Autosomal
Dominant

Inheritance

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Impaired
Epinephrine

induced Platelet
Aggregation

Bleeding With
Minor Or No

Trauma

 Bleeding

Subcutaneous
Hemorrhage Epistaxis

Prolonged
Bleeding After

Surgery
 Number Of Dense

Granules

Congenital Onset

Onset And
Clinical Course

All

Death In
Adolescence

Congenital
Thrombocytopenia

Thrombocytes

Phenotypic
Abnormality

Increased Mean
Platelet Volume

Global
Developmental

Delay

Nervous System
Physiology

Nervous System

Progressive
Spastic

Quadriplegia
Microcephaly

Morphological
Abnormality Of

The Central
Nervous System

Spinal Cord

Juvenile Onset

Onset

Onset And
Clinical Course

All

Insidious Onset

Slow Progression

Thrombocytopenia

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Anemia

Leukopenia

LeukocytesSubcutaneous
HemorrhageMonocytopenia

Neutropenia

Congenital Onset

All

Autosomal
Recessive
Inheritance

Reduced Von
Willebrand Factor

Activity

 Von Willebrand
Factor

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Reduced Quantity
Of Von Willebrand

Factor

Short Stature

Growth
Abnormality

Vesicoureteral
Reflux

Urinary System

Gastroesophageal
Reflux

Gastrointestinal
Tract

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

Impaired
Epinephrine

induced Platelet
Aggregation

Bleeding With
Minor Or No

Trauma

 Bleeding

Subcutaneous
HemorrhageEpistaxis

Infantile Onset

All

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Giant Platelets

Subcutaneous
Hemorrhage

 Dense Tubular
System

Monocytopenia

Thrombocytopenia

Thrombocytes

Increased Mean
Platelet Volume

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Giant Platelets
Decreased

Platelet
Glycoprotein Ib

IX V

Leukopenia

Subcutaneous
Hemorrhage

 Bleeding

Epistaxis Dense Tubular
System

Bleeding
Requiring Red

Cell Transfusion

 Bleeding

Prolonged
Bleeding After

Surgery

Hearing
Impairment

Phenotypic
Abnormality

Attention Deficit
Hyperactivity

Disorder

Higher Mental
Function

Nervous System
PhysiologyEnuresis Nocturna

Specific Learning
Disability

Asthma

Velopharyngeal
Insufficiency

Face

Language
Impairment

Constipation

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Decreased
Platelet

Glycoprotein Ib
IX V

Increased Mean
Platelet Volume

Subcutaneous
Hemorrhage

 Bleeding

Epistaxis

Monocytopenia

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

 Platelet
Function

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

All

Impaired
Thromboxane A2
Agonist induced

Platelet
Aggregation

Impaired
Arachidonic Acid
induced Platelet

Aggregation

Impaired Collagen
induced Platelet

Aggregation

Impaired
Epinephrine

induced Platelet
Aggregation

Decreased
Platelet

Glycoprotein IIb
IIIa

Bleeding With
Minor Or No

Trauma

 Bleeding

Spontaneous
Hematomas

Subcutaneous
Hemorrhage

Bruising
SusceptibilityPetechiae

Menorrhagia

 Genital System
Morphology

Epistaxis

Autosomal
Recessive
Inheritance

Congenital Onset

All

Autosomal
Dominant

Inheritance

Decreased
Platelet

Glycoprotein IIb
IIIa

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Giant Platelets
Antenatal

Intracerebral
Hemorrhage

 Bleeding

Cardiovascular
SystemNervous SystemFeeding

Difficulties

Generalized
Myoclonic
Seizures

Visual Impairment

ThrombocytopeniaSubcutaneous
Hemorrhage

 Platelet Shape

 Platelet
Morphology

 Dense Granule
Content

MonocytopeniaNeutropenia

Impaired
Thromboxane A2
Agonist induced

Platelet
Aggregation

Impaired Platelet
Aggregation

 Platelet
Function

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

All

Impaired
Arachidonic Acid
induced Platelet

Aggregation

Impaired Collagen
induced Platelet

Aggregation

Impaired
Epinephrine

induced Platelet
Aggregation

Impaired ADP
induced Platelet

Aggregation

Autosomal
Recessive
Inheritance

Decreased
Platelet

Glycoprotein IIb
IIIa

Increased Mean
Platelet Volume

Bleeding With
Minor Or No

Trauma

 Bleeding

Spontaneous
Hematomas

Subcutaneous
Hemorrhage

Bruising
SusceptibilityPetechiae

Epistaxis

 Hemoglobin

Myopia

Supraventricular
Tachycardia

Arrhythmia

Velopharyngeal
Insufficiency

Face

Phenotypic
Abnormality

Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Giant PlateletsSubcutaneous
Hemorrhage

 Bleeding

Epistaxis  Hemoglobin

Erythrocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Microcytic AnemiaDecreased Mean
Platelet Volume

Thrombocytes

Thrombocytopenia

Leukocytosis

Bleeding With
Minor Or No

Trauma

 Bleeding

Subcutaneous
Hemorrhage

Bleeding With
Minor Or No

Trauma

 Bleeding

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Subcutaneous
Hemorrhage

Increased Mean
Platelet Volume Anemia Reduced Factor XI

Activity

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Impaired
Epinephrine

induced Platelet
Aggregation

Impaired Platelet
Aggregation

Impaired Collagen
induced Platelet

Aggregation
Subcutaneous
Hemorrhage

 Bleeding

Epistaxis

Congenital Onset

Onset And
Clinical Course

All

Variable
Expressivity

Autosomal
Dominant

Inheritance

Sensorineural
Hearing

Impairment

Ear

Phenotypic
Abnormality

Epiphyseal
Dysplasia

Skeletal
Morphology

Impaired Collagen
induced Platelet

Aggregation

Impaired Platelet
Aggregation

Thrombocytes

 Blood And Blood
forming Tissues

Impaired
Epinephrine

induced Platelet
Aggregation

Impaired ADP
induced Platelet

Aggregation

Eczema

Generalized
Abnormality Of

Skin

Recurrent
Pneumonia

Respiratory Tract
Infection

Recurrent
Infections

Recurrent Otitis
Media

Iron Deficiency
Anemia

Thrombocytopenia
Bleeding With
Minor Or No

Trauma

 Bleeding

Subcutaneous
HemorrhageEpistaxis

Congenital Onset

All

Autism With High
Cognitive
Abilities

Phenotypic
Abnormality

Congenital
Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Increased Mean
Platelet Volume

Asthma

Immunologic
Hypersensitivity

Immune System
Physiology

Immune System

Allergic Rhinitis

Nose

Partial IgA
Deficiency

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

Impaired Collagen
induced Platelet

Aggregation

Impaired
Epinephrine

induced Platelet
Aggregation

Bleeding With
Minor Or No

Trauma

 Bleeding

Subcutaneous
HemorrhageEpistaxis

Prolonged
Bleeding After

Dental Extraction

Congenital Onset

All

Autosomal
Dominant

Inheritance

Congenital
Thrombocytopenia

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Antinuclear
Antibody
Positivity

Immune System
Physiology

Immune System

Gastroesophageal
Reflux

Gastrointestinal
Tract

Asthma

Immunologic
Hypersensitivity

Allergic Rhinitis

Generalized Joint
Laxity

 Platelet
Function

Increased Mean
Platelet Volume

Subcutaneous
Hemorrhage Neutropenia

Thrombocytopenia

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Bleeding With
Minor Or No

Trauma

 Bleeding

Subcutaneous
Hemorrhage

Decreased Mean
Platelet Volume

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Thrombocytopenia

 Bleeding

Autism Spectrum
Disorder

Defect In The
Atrial Septum

Malformation Of
The Heart And
Great Vessels

Premature Birth

Enterocolitis

Intestine

Gastrointestinal
Tract

Impaired ADP
induced Platelet

Aggregation

Impaired Platelet
Aggregation

Thrombocytes

 Blood And Blood
forming Tissues

Phenotypic
Abnormality

Impaired
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Overview of HPO coding of BPD probands
⇠ 7 HPO codes per person; many are non-haematological
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Take into account phenotypes outside primary area of interest



Difficulties of grouping patients into groups
Phenotypic heterogeneity (variable expressivity of traits)

MYH9
mut.

Hearing
Loss

Urine
abn.

Renal
dysf. Cataracts

S96L — + ND —

S96L + + ND —

S96L + + ND —

S96L + + ND —

S96L ND ND ND ND

S96L ND ND ND ND

S96L + + CKD5 +

Pheno.

Epstein

Epstein

Epstein

Epstein

MYH9-RD

MYH9-RD

Fechtner
S96L + + CKD4 —

S96L + + CKD5 —

S96L — — — —

Epstein

Epstein

MCTP

S96L + + CKD5 —

S96L + — — —

S96L — — — —

Epstein

Epstein

Epstein

Murayama et al.

A priori grouping into clusters with shared (though unknown)
genetic aetiology using phenotypes alone is challenging



Power of HPO-based analysis

X X

X

X

X

X

Cases Controls

X: has variant in gene



Power of HPO-based analysis

X X

X

X X

Cases Controls

X

X: has variant in gene

Regression methods summarising phenotypes with unstructured
binary or quantitative variables may be underpowered



Bayesian phenotype similarity regression
Compare “inverse regression” models (genotype is the response):

yi (“rare genotype”) ⇠ Bernoulli(pi)

Baseline model (� = 0):

log
 

pi

1 � pi

!
= ↵

Alternate model (� = 1):

log
 

pi

1 � pi

!
= ↵+ � · S(xi , �)

• yi 2 (0, 1): “genotype” of patient i (e.g. has > 0 rare variants)
• xi : HPO phenotype of patient i
• �: latent HPO-coded characteristic phenotype of disease
• ↵: background rate of rare genotype
• �: effect of phenotypic similarity on log odds of rare genotype
• S(xi , �): similarity of patient i to characteristic phenotype �



� = 1 model

γ=0

! yi=1
Subjects

yi=0

γ=1γ=0

! yi=1
Subjects

yi=0

γ=1

Patient has rare genotype
Patient has common genotype

(Edge length represents similarity)

• �: latent HPO-coded characteristic phenotype of disease
• Edge length: similarity between patient i and �
• Prior on � informed by terms in human/mouse databases



Similarity measure
• Sharing of HPO terms! increases similarity
• Non-sharing of HPO terms! decreases similarity
• Rare terms carry more weight

Cataracts

Thrombo
cytopeniaDeafness

Cataracts

Thrombo
cytopeniaMigraine

Myalgia

Observed
Patient phenotype xi

Latent
Characteristic phenotype !

Similarity

Penalise
non-shared terms 

in xi

Penalise
non-shared terms 

in !

Reward
shared 
terms

Allow for
non-expressivity of terms

Allow for
presence of sporadic terms

Penalise flexibly on each side to obtain good model fit



New cause of macroTCP: DIAPH1 (P(� = 1|y) = 0.81)
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0.31
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Inner
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Hearing
Impairment
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TCP
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Hearing
Abnormality

0.05

Thrombocytes
0.05

Bleeding
0.04

●
Phenotypic
Abnormality

0

●
Ear
0

TCP: thrombocytopenia
SNHI: sensorineural hearing impairment

Stritt S*, Nurden P*, Turro E*, et al., Blood, 2016 Jun; 127(23)



New cause of macroTCP: DIAPH1 (P(� = 1|y) = 0.81)
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Macrothrombocytopenia; hearing impairment.
Segregation (p = 3.66 ⇥ 10�4, conditional on the genotypes of the
index cases)

Stritt S*, Nurden P*, Turro E*, et al., Blood, 2016 Jun; 127(23)



Variant prioritisation

1

3 4

15 16 17 18 19

35 36 39 40 4137 38

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

65 87 109 1211 1413

2

+/M

+/M

+/M +/M

+/M

*

#

X

X

Myelofibrosis (early in life); tooth fractures; osteoporosis;
macrothrombocytopenia; abnormal platelet granules; bleeding.
67 rare variants in 67 genes shared by cases 13 and 31.
How best to prioritise these variants?



Variant prioritisation
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SRC

• First-ever discovered oncogene (Rous sarcoma virus, 1911)
• Src Family Kinase (SFK) inhibitors undergoing clinical trials

for cancer treatment
• Thrombocytopenia and bleeding a frequent, unexplained

side-effect of SFK inhibitors
• Mouse KO platelets normal
• No published germline pathogenic mutations



E527K places SRC in a constitutively active state

E

P

P

P

Jak2Jak2
PP

P
Stat Stat

419

530

E527K

Stat

Tpo



E527K results in enhanced podosome formation

50 100 150 200 250 300 350

0

200

400

600

800

1000

1200

PLT

Tp
o

●●● ●●●●●●●●● ●●●●●●

●●

●

●

●
●

C1# C2#

19# 35#

C3#

31# 31#

WT# E527K#

Fac0n# Fac0n#Y4194SRC# Y4194SRC#Merge# Merge#

****#

####*#

****#
✶ ✶

✶ ✶

✶ ✶

✶ ✶ ✶

B"A" C"

D" E" F"

G"

WT#

E527K#

***#

50 100 150 200 250 300 350

0

200

400

600

800

1000

1200

PLT

Tp
o

●●● ●●●●●●●●● ●●●●●●

●●

●

●

●
●

C1# C2#

19# 35#

C3#

31# 31#

WT# E527K#

Fac0n# Fac0n#Y4194SRC# Y4194SRC#Merge# Merge#

****#

####*#

****#
✶ ✶

✶ ✶

✶ ✶

✶ ✶ ✶

B"A" C"

D" E" F"

G"

WT#

E527K#

***#

50 100 150 200 250 300 350

0

200

400

600

800

1000

1200

PLT

Tp
o

●●● ●●●●●●●●● ●●●●●●

●●

●

●

●
●

C1# C2#

19# 35#

C3#

31# 31#

WT# E527K#

Fac0n# Fac0n#Y4194SRC# Y4194SRC#Merge# Merge#

****#

####*#

****#
✶ ✶

✶ ✶

✶ ✶

✶ ✶ ✶

B"A" C"

D" E" F"

G"

WT#

E527K#

***#

50 100 150 200 250 300 350

0

200

400

600

800

1000

1200

PLT

Tp
o

●●● ●●●●●●●●● ●●●●●●

●●

●

●

●
●

C1# C2#

19# 35#

C3#

31# 31#

WT# E527K#

Fac0n# Fac0n#Y4194SRC# Y4194SRC#Merge# Merge#

****#

####*#

****#
✶ ✶

✶ ✶

✶ ✶

✶ ✶ ✶

B"A" C"

D" E" F"

G"

WT#

E527K#

***#

50 100 150 200 250 300 350

0

200

400

600

800

1000

1200

PLT

Tp
o

●●● ●●●●●●●●● ●●●●●●

●●

●

●

●
●

C1# C2#

19# 35#

C3#

31# 31#

WT# E527K#

Fac0n# Fac0n#Y4194SRC# Y4194SRC#Merge# Merge#

****#

####*#

****#
✶ ✶

✶ ✶

✶ ✶

✶ ✶ ✶

B"A" C"

D" E" F"

G"

WT#

E527K#

***#

50 100 150 200 250 300 350

0

200

400

600

800

1000

1200

PLT

Tp
o

●●● ●●●●●●●●● ●●●●●●

●●

●

●

●
●

C1# C2#

19# 35#

C3#

31# 31#

WT# E527K#

Fac0n# Fac0n#Y4194SRC# Y4194SRC#Merge# Merge#

****#

####*#

****#
✶ ✶

✶ ✶

✶ ✶

✶ ✶ ✶

B"A" C"

D" E" F"

G"

WT#

E527K#

***#

Podosomes (actin-based protrusions on the plasma membrane)
linked to osteoclast formation and cancer, and now platelet
formation (Freson lab).



Most rare variants neutral with respect to severe disease
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Motivation

• Most rare variant methods test association between
genotypes and complex traits.

• Some can be adapted to work for rare Mendelian disease,
however these either:

I lose power by aggregating variants within genes.
I don’t explicitly model a mixture of pathogenic and

non-pathogenic variants
I don’t model true Mendelian inheritance
I tend to be very slow

• We address these issues in our method ‘BeviMed’.



No association

Recessive
Dominant
No assoc

Sample 12

Sample 11

Sample 10

Sample 9

Sample 8

Sample 7

Sample 6

Sample 5

Sample 4

Sample 3

Sample 2

Sample 1

Va
ria

nt
 1

Va
ria

nt
 2

Va
ria

nt
 3

Va
ria

nt
 4

Va
ria

nt
 5

Va
ria

nt
 6

Pathogenic

Af
fe

ct
ed



Dominant inheritance
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Recessive inheritance
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Modelling



Modelling

Baseline model, (� = 0):

P(yi = 1) = q

Association model, (� = 1), with mode of inheritance f :

P(yi = 1) =

8>><
>>:

q f(Gi·,Z) = 0
p f(Gi·,Z) = 1



Priors
• Probability of association model

� ⇠ Bern(0.01)

• Probability of dominant inheritance given association

P(f = fdom |� = 1) ⇠ Bern(0.5)

• Probability of pathogenicity for variant i

E(Zj = 1|� = 1, f = fdom) = 0.25

E(Zj = 1|� = 1, f = frec) = 0.45

Demo



Results of gene-by-gene analysis
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Mixture of pathogenic & non-pathogenic variants

• CYCS (variants enhance the intrinsic apoptotic pathway but
causes only thrombocytopenia)

• Do we also observe an association between rare variants in
CYCS and thrombocytopenia? (Yes, log BF > 11)

• If so, which rare variants are likely pathogenic? Evidence
supporting these four:

26/05/2016, 12:04Pathogenicity of variants in CYCS, for Thrombocytopenia, min AC=1

Page 1 of 1https://haemgen.haem.cam.ac.uk/bpd-disco/gene-docs/variant-level-doc.php?gene=CYCS&filter=standard&strict=TRUE&min_ac=1&phenotype=Thrombocytopenia&type=html

Pathogenicity of variants in CYCS, for Thrombocytopenia, min AC=1
Data set Log BF Probability of pathogenicity (prior=0.01)

Genomes and unrelateds only 3.88 0.33

Everyone 11.84 1.00

26/05/2016, 12:04Pathogenicity of variants in CYCS, for Thrombocytopenia, min AC=1

Page 1 of 1https://haemgen.haem.cam.ac.uk/bpd-disco/gene-docs/variant-level-doc.php?gene=CYCS&filter=standard&strict=TRUE&min_ac=1&phenotype=Thrombocytopenia&type=html

Pathogenicity of variants in CYCS, for Thrombocytopenia, min AC=1
Data set Log BF Probability of pathogenicity (prior=0.01)

Genomes and unrelateds only 3.88 0.33

Everyone 11.84 1.00

Conseq.
large_del
Leu99Val
Leu65Val
Asn53Ser
Gly42Ser
Lys26Glu



Closing remarks

• Highly heterogeneous groups of patients
• Careful, detailed phenotyping using HPO
• Phenotype “similarity”-based methods for prioritising variants

and association testing
• Genetic heterogeneity with many neutral variants
• Methods that model explicit mixture of variant types under

Mendelian inheritance
• Data from cell type specific genomic assays to focus search in

non-coding regions of the genome
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