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Protocolo de diagnostico de enfermedades raras

Positive (solved case)

+=

Clinical Suspected Variants Confirmation Di agnosis
examination disease NGS (SNVs, CNVs)  (Sanger, MLPA)

_ B (report)

Medical records Sequencing test :
(gene panels, Negative (unsolved case)

clinical exomes,
WES, WGQGS) l

'~50%

Re-evaluacion
periodica (reanalisis)
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;. Como resolver los
casos complejos?

Incrementando la region
gendmica secuenciada (WES,
WGS).

Nuevas técnicas de
secuenciacion (long reads).

Mejores meétodos de deteccion de
variantes que se adapten a las
limitaciones de las técnicas (e.g.
CNVs)

Disminuir la incertidumbre en la
asociacion clinica de las variantes
(VUS).

Buscar (ayudar a predecir)
nuevos genes implicados.
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Un sistema de reanalisis que integra varias estrategias

Plpe“ne Genetic diseases Diagnosis protocol Analysis Tools
ok
o SNVs (PriorR)
oo GATK based Positive (solved case) e —
CNV ﬁ@ E 2 e
Methods overlapglg >t e _—_— confirmati -. __:- —
appr:achc 5 m“tiuu ﬂfpected - (SNG:":_"L‘SISJ (s::s'e':""; :::) IJ(;:gpr:;:;s
WéS ' Medical records Sequencing test 7 9 knOWIEdge and fac”ities
+ long, short e D integration
P ? WES, WGS) I
Filtering & Reanalysis pipeline
prioritization S ce— , :
SNV own cohort VUS New candidate SNVs and
frequencies prioritization genes PTMs
* Disease specific MAFs : Eglzsob:igﬂjf?gghgndes : g:;i?zié?;ogy PTMs as functional
e Pseudocontrols MAFs « Next: Machine learning approach annotation of SNVs
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Un sistema de reanalisis que integra varias estrategias

Pir r‘“,e 16 . . . :
Pipeline Genetic diseases Diagnosis protocol  Analysis Tools
okfo
> SNVs (’ PriorR)
of2yo GATK based Positive (solved case)
CNV =
: .\I ol \4‘;5 o
Methods overl:pping B i ; . . - ; IE.E
app':ac - ot T hee NGS (5:3;'.7:.::5) (:::g:: ::L::) Di:;gr;osis o
| SVEél\SNE' Medical records Sequencing test 5( Per knOW|Edge and faCi“ties
- long, short Litn. SN integration
reads T WES, WGS) I
Filtering & Reanalysis pipeline
prioritization
SNV own cohort VUS New candidate  SNVs and
frequenci prioritization genes PTMs
J— oo * Rules based algorithm e WES analysis ;
Disease specific MAFs » Base on cohort frequencies e Network Biology PTMs as functional
* Pseudocontrols MAFs

* Next: Machine learning approach annotation of SNVs
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Deteccion de SNVs — Es posible complementar el diagnéstico primario

Comparamos la deteccion de SNVs del software comercial y el nuestro (FJD-pipeline)

A. COHORTS « Detectabamos el 99.7% de
[rORHERAL COHORT—) las variantes causales en
TS0 casos resueltos.
e Software comercial
(diagndstico) « Detectdabamos mas .
INDELSs y podiamos

IIIIIIIIIIIIII*

reportar variantes no

Number of Variants (log)
- o
> 38 8

——CANCER COHORT— ..
—— exonicas.
|
179 Samples
———— | sessmsssmsnsssagp | Algoritmo de reanilisis: o
HCSG T Cogemos las variantes S
303 Samples FJD-pipeline . REGIONS REGIONS
p, p . diferentes (~30) y las Method [ SOPHIA [ FJD (No padding) Il FJD
—eamoocononr—, (reanalisis) priorizamos (no exonicas e

e s indels, sig. clinica) (~10
128 Samples m|n)

Diferentes estrategias de secuenciacion

« Aumento en el rendimiento

Y !
Romero et al. NPJ Genome Med 2022 diagndstico de un 4.4%
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Deteccion de CNVs — Ejemplo de esfuerzo en comunidad

Deteccion de CNVs en secuenciacion dirigida: Complicada. No estandares de

analicie

’ 000
Z ijﬁ'jjgiggfg.\z\% IMPaCT |Data 8
% tific Benchmarking  Technical Mo

https /Iopenebench bsc.es

15 pipelines

NO CLASSIFICATION

evaluadas

. Aplicadas a | .
muestras con §e :
CNVs conocidas

024

« Evaluacion de la Ll
deteccion

Precision

nexciflow

%GB

OPENEBENCH

Pipelines disponibles para
descargar

Evaluacion de su capacidad
en el analisis de WES.

Posibilidad de subir su
pipeline y compararse con
las demas.

Adquisicion de estandares

Produccién de guias de
buenas practicas.

Otras comunidades: CIBERER, RAREGenomics, IMPACT-G
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Priorizacion de variantes utilizando una base de datos de frecuencias alélicas

Utilizar la informacion de la cohorte en su conjunto para ayudar a pacientes concretos

-

A B SOLVED NON-SOLVED C

p— log2 (Fold change)
~|

FILTERED:
DDBB

~1.5m variants

0.100

Genetics Department HU-FJD PART-SOLVED

VUS-CASES

m IRD - 1766 :j T
e 811 {46°%) na
R,

0.075

>90%

T -V R

OERD - 386 © 58\ 3078) NON-SOLVED

955 (54%) SUBCCHORT Qc filt 1.36m variants

AF Solved IRD
Qﬁ

NRD - 3531 . l 0.025 de FC
447 (25%)
Cohort — 5683 samples DIAGNOSTIC STATUS Y 0»0000 GGG,
Clinical exome (~5000 genes) POR filers  sB0kcvariants AF Pseudocontrol
Cohorte de Enfermedades Base de datos de Algoritmo de priorizacién
pacientes divida en mendelianas pueden  frecuencias alélicas: basado en la comparacion de
. Distrofias de retina hacer de controles de frecuencias en casos
. Otras patologias otras patologias - Por enfermedades pseudocontroles y
oculares NO OCULARES: (su control)

. No oculares PSEUDOCONTROLES - Casos resueltos/no MFV (significativas)

resueltos
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Priorizacion de variantes asociadas a distrofias hereditarias de la retina

IRD-MFV: variantes

A SOLVED CASES B NON-SOLVED CASES R, .
0100 significativamente mas
frecuentes en distrofias de
0.075 0.075 retl n a
e @ log2(FC) 2 3.12 ® log2(FC) > 3.96

0.050 log2(FC) < 3.96

W\

0000 0025 0050 0075 0.10C
AF Pseudocontrol

log2(FC) < 3.12

0.000 \

0000 0.025 0050 0075 0.100
AF Pseudocontrol

AF Solved IRD

. 63 variantes de significado
incierto en seguimiento, 10/11
reclasificadas a
probablemente patogénicas.

0.025

L N
(—\ AF Non-solved IRD

sjpued-gns siedwo) +— ssauab |e siedwo) <+—— uoNquUISIP JUBLIBA

C A D A A S
A
=
wy W R4 - : < :
v o % « Reevaluacion de casos: 8
4.77E-56 1.69E-32 H H
casos con variantes asociadas
E PATHOGENICITY I Benign Il Deleterious F PATHOGENICITY [ Benign M Deleterious al feno tlpO
IRD genes | OERD genes | NRD genes | IRD genes || OERDgeres || NRD genes |
p=5.97E-61 p=171E-06 p=2.75E-08 p=ns p = 3.25E-06 p=190E-28
LW 100 R R R— w 100 - - -
e 177 e
% 75 % 75
g g = 104
w 147 w
0 o 593 80 1457 2141 % 25 7 - 37 - 1180
’ IRD-MFV  Non-priaritized IRD-MFV  Non-prioritized IRD-MFV  Non-prioritized ) IRD-MFV Non-prioritized IRD-MFVY Non-prioritized IRD-MFV Non-prioritized
PATHOGENICITY [ Benign M Deleterious PATHOGENICITY [l Benign Ml Deleterious
lancu et al., 2022 IJMS
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Priorizacion de genes candidatos asociados a enfermedades raras

Ayudar a la priorizacion de genes candidatos en analisis de WES y WGS

Principios e hipoétesis: 33 redes de diferentes tipos de interacciones
funcionales (Categorias de conocimiento)

1) genes causantes de la misma
enfermedad estan
funcionalmente relacionados; A

2) genes funcionalmente
relacionados estan cerca un
interactoma funcional;

3) la capacidad de diferentes
tipos de interactomas
funcionales de encontrar genes
candidatos varia con la
enfermedad
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Knowledge categories

@ Cocitation (gene cocitation in scientific papers)

@ Coessentiality (as genetic interactions)

@ Coexpression

@ Colocalization (in cell organelles)

@ Complexes (protein complexes)

@ Orug sharing (targets drug sharing)

@ Functional annotations (shared gene functional annotations)

@ Genomic localization (features from genomic localization over evolution)
. Mouse models (shared phenotypic annotations from mouse models)
.Pathways (participation in molecular pathways)

@ Phenotype (shared human gene phenotypes)

@ Pris (protein-protein interactions)

@ Regulation (gene regulation)
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Diferentes categorias funcionales tienen diferente capacidad predictiva

Propagacion de la .
sefnal funcional .
Random Walk with
Restart

70% entrenamiento
30% validacion

Predicciones

90 enfermedades raras Genomics
England PanelApp (seeds)

. Eficiencia (recall): captura de T

verdaderos positivos.

. Exclusividad: captura de genes de

forma unica.
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Excluswlda
I creororme |

=
I Cardiovascular disorders ‘

n"[l

Ciliopathies w

Dysmorphic and congenital
abnormality syndromes

l. Endocrine disorders

Gastroenterological disorders
¢ ‘ Haematological disorders

Hearing and ear disorders

Metabolic disorders

Neurology and
| neurodevelopmental disorders

Ophthalmological disorders

Renal and urinary tract disorders

Skelelal disorders

=S AT

exclusivity
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GLOWgenes. Un algoritmo para priorizar genes candidatos en el
diagnostico de enfermedades raras

ww.glowgenes.org

Generate training and test

® ®® ®GAD_test
G LOWg gn es o ge i &
— ewn B

GAD 20-fold cross- ® ® ® ®GAD_seed _. @ Efficiency
:::: valigation e RWWR @ Exclusivity
coce

S & LT P P
GAD: genes asociados 9 RWWR s

a enfermedad _’ (signal propagation) ‘— -—— - Integration score

Selection of best

network per KC
’}ﬁ. ‘;ék. *fEL A KCs evaluation
I .
‘ (weights)
o > A
» = v,

ey
”
knowledge categories 2
Gene rankings §oy
~ e N Py
R Ry Ny N
Disease-aware network i _’ DI
Ry gy, Ry -
evaluation o~~~ o~ Isease awa!'e
~ score Integration GLOWgenes

9 Gene ranking for each KC R
gene ranking
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GLOWgenes predice sobretodo los genes “menos obvios”
Evaluacion en genes asociados a enfermedad (Green/Ambar)

_Cardiomyopathies . inal Di ; I STOP: not enough evidence for this gene-disease;
inc. childhood onset Hearing Loss Retinal Disorders Severe Microcephaly this gane should not he used for genome
interpretation.

T

g 0.751 PAUSE: moderate evidence for this gene-disease

o association, and should not yet be used for

© genome interpretation.

=

§ 0.50 GO: high level of evidence for this gene-disease

(U] association, demonstrates confidence that this

g gene should be used for genome interpretation.

S 025

= Method

O

DL

= 0.00 — GLOWgenes

0 100 200 300 400 500 0 100 200 300 400 500 O 100 200 300 400 500 O 100 200 300 400 500 —— DIAMOND
N top

~ NetComb-GUILDify
—— ToppGenet - network based

Evaluacion en genes candidatos (menos obvios) (Red) — ToppGenet - functonsl simiiadty

- - —— Endeveour
issrgﬁ?lgggggtg;;?et Hearing Loss Retinal Disorders Severe Microcephaly —— GeneMANIA

=081 : : : — DisGeNET - BEFFREE
@
5 — DisGeNET - non curated
§ - — DISEASES
g
&
£ 02 == Métodos basados en semillas
(2 . .

5.5l 3 : : _ -=unus Métodos de referencia (enfermedades

0 100 200 300 400 500 O 100 200 300 400 500 O 100 200 300 400 500 O 100 200 300 400 500 predeterminadas)

N top

IV REUNION ANUAL DE AREASY GRUPOS DEL IIS-FJD 29/09/2022 S . ———

ance Wquirsnsalud

de Madrid




PriorR. Programa de analisis que incorpora todas las implementaciones
de nuestro reanalisis

SNV CNV
Show| 10 v | entries Search:|
Upl CHROM POS REF ALT Location SYMBOL VARIANT_CLASS X14.1649_GT X14.1649_VF
Al \ A J A A Al
Upload your SNV File
Browse... | 141649 pvmisv chrx 99862241 T c chrX:99662241 PCDH18 SNV 10 094
Upload complete
chr1 27023375 G A chr1:27023375 ARID1A SNV on 055 i
chri6 88494821 G A chr16:88494821 ZNF489 SNV 01 0.51
chr3 15495345 T G chr3:15495345 coLQ SNV 01 0.47 |
chré 144898360 C A chr6:144898360 UTRN SNV 01 0.45 |
chri 225599128 C T chr1:225599128 LBR SNV o1 0.439
chr2 3623234 A G chr2:3623234 RPS7 SNV o1 0.56 |
chri4 94844865 G A chri4:94844865 SERPINA1T SNV o 0.55.
chrio 28303503 C T chr10:28903503 WAC SNV o1 0.48 ¢
chrt 6528150 T G chr1:6528150 PLEKHGS SNV o 0.45
Showing 41 10 50 of 81 entries Previous 1 .. 4 ‘ 5 ‘ 6 .. 9 Next

Variant Information . =

f it
VARIANT Population Fre i ;
FJD MAF: THE:, . )!f
chrid- -94844865- -6- -A 0/1 0.00018 ; i
SERPINAL Gnomadg MAF: i
missense_variant 0.000105202 i .“ oy
NM_061127701.2:c.1178C>T Spanish Frequendil 1) 1
NP_601121173.1:p.Pro393Leu NA it ‘:J
Pathogenicity
OMIM Phenotype: CADD Phred: ™ Ls b
Hemorrhagic diathesis due to antithrombin Pittsburgh, 613490 (3), Autosomal recassive 236 i . i
Emphysema due to AAT deficiency, 613490 (3}, Autosomal recessive ML Sonres Il E M
Emphysema-cirthosis, due to AAT deficiency, 613490 (3), Autosomal recessive g‘g:ZScare :‘J"i““’m :
NA io 1]
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INVESTIGACION

‘ _ SANITARIA
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Muchas gracias!
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Instituto u e Rt R i
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g:e Slalulﬂ Comunidad de Madrid
arios

CTberer  impacT

TRANSBIONET"

Translational Bioinformatics Network

Raquel, Gonzalo, lonut

C1 EL,'QL};: Ava Carmen Ayuso y todo el
departamento

y@TranslationaIB1
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