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“Learn the facts, Steed-Asprey
used to say, then try on the
stories like clothes.”

Tinker, Tailor, Soldier, Spy.
John le Carré



A face behind the research




Decoding the puzzle
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From dot to network

Sequence analysis and association testing overview
Clinical .
Cohort e : Annotation-
data QV pipeline H Qv H gefli]félrcs based result
I
5 " Single variant SVAT
Q¥ GLM result
QV bg(recrl'een Gene burden
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Pathway VSAT
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Variant analysis h
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Variant analysis history

| Score statistic
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negative depend-
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ing on variant j's T

of y under the
null hypothesis
(Ho : 8 = 0).
Obtained by ap-

plication of the

null model h(p;) =
g + o’ X;.
| [Score statistic of

the marginal model

Estimated mean

\ for variant j.

[SKAT p-value ]

(term

[Fisher statistic

Fisher combination

. {Burden test p- ‘

value term
S

\ }‘ i \
v v v
Fisher = —2log(pskar) — 210g(Pburden ), (6)

\

J

‘ SKAT test statistic y

| term l
| Combining param- |

eter p

Qo= (1 — p) Qskar + pPQburden;

[ SKAT-O
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Parameter p con- ‘

Tstraint
\ | N
' | { \
v v A '

0<p<l, (7)

,

T: The identity
matrix of size N x
LN

2

o:: The error vari-

ance component.
V: The marginal
variance matrix of

the response vector

v

o%: The variance ] Kernel

component for the

random effects as-

sociated with the

K: The kernel ma- |
\ trix of size N x N,

] representing the

“-‘ [ " | covariance struc-

ture of the genetic

random effects.

V=0I4+0%K (16)

i= ("'.-_j (i — i) (2)
i=1
(Allele count for B u rd e n S u m m a ry
variant j in indi-  ——o
vidual ¢
T =
indicator or weight ——
W 3 ) "Sl,lmmar,\_" genetic
score for individual —— — \ score for burden
i By N\ tests.
\ |
}oom 4
Ci= w;Gij, (3)
j=1
(Score statistic for }» B u rd e n Statl Stl C
| variant j ] S .
"V\"eight for variant }; '
| Burden test statis- % A
‘l-iC = \
} NEAS
Qhurdr'n oo Z “")S) (4)
j=1
s e Variance-component
statistic 7 )
l,\’ﬁ"cight w? ‘ — — 7
(SKAT test statistic | —
} m L
Qskar = ZH'},S_," (5)

j=1

| I
f~MVN(0,0%K) (15)
v b '

¥i = ao + Xla+ f(G) +& (13)




Germiline variant discovery and assocciation analysis

CATK workflow
1 [ [ 1 i i &
Raw Unmapped Reads ” l_ - 1 Analysis-Ready Reads | | ] [ e Raw SNPSs + Indels lm]
| QUBAM or FASTO | I | BAN — M - \C
] |
Map:toReference ‘ | | Filter Variants ’
I | Call Variants Per-Sample |
I HaplotypeCaller | |
Raw Mapped Reads I | Refine Genotypes ‘
~ BAM I | |
. . |
| |
Mark Duplicates | | L | Anno!alnl EREE ‘
— | ' = '
RecaliBrate Base | | Consalidate GVCFs | ‘
| Y | Analysis-Ready
| Betcieed
: ‘ Joint-Call Cohort | =
Analysis-Ready Reads = —sil— P : Evaluate Callset ‘
| :
® Raw SNPSs + Indels [[I[—— — 1 1
- CF Troubleshoot Simple VCF == == w= w—= R 2
Annotation }F:Itenng
Annotation sources L Annotation classification
\ = 2 (
Annotation : Variant
Reference dataset Annotation | _ | Annotated An;old:ed 4] selle((
choice dataset | VCE t?t?lles rules
* Custom
* Pre-merged | (filter definition)
(dbNFSP) :
{ |
| S—— / |
1 ) ¥ |
|
Simpl Sof ‘ [
—— imple > oftware | | Software )
g VCF choice | ’ filter choice Bl .
| " function 4 ——r
] [ 3 \
| | q filter
) 4 | 4/ function
2 | 3 | \
e |
|
Annotated | | | Qualifying : :
VCF VaHAntE | Statistical analysis
Ve
| 7 e :
| / 4 5
Box 1] GATK workflow illustrates germline short | 7
g Clinical
variant discovery (SNVs + Indels). Source ASSaciatin gtade
re iIIustvration frqm gatk.broadms(itute.org. ——- inference, variants
Annotation and filtering. etc.
Evidence report
[Box 2] Statistical analysis, evidence detection,
pathway clustering, and final reporting.

Statistical analysis and evidence detection

Single variant analysis

[ Statistical analysis & evidence

Plink / GLM

.

Single
variant

.

Univariate, ‘

I

multivariate tests

Plink assoc

SNP
Assaciation

Enriched
variant

—p

Evidence report

Joint interpretation

Single gene analysis

Statistical analysis & evidence

SkatRbrain
Variant
collapse

Gene

;

Combined variance
component and burden tests

3

(SKAT-0)
4 i l 5
Enriched
Singe gene > gene
association |

Evidence report

Archipelago ——» ’h‘l:::rc;r’e?alzz:nd —
Enriched -
variant
: 6
Evidence report ACMGuru
/V + Single-case
z Variant .
5 SEore clinical report
Enriched *
gene ¢ =
Variant 5 amaging ]
Evidence report classification variant report 6
Gene Summary protein Satistea)
: —p 2 —> cohort
illustrate feature / function
5 + report
“—— Enriched
protein 5 Protein pathway | |
pathway p—t uniprotR interpretation
* 6
Evidence report
Get 5 Gene function | |
discussion interpretation 3 Joint
s + interpretation
5
= Protein structure
Single-case AutoDestructR ———§» ippied e nad
variants - * - -
Evidence report untanaler i Protein network ||
9 interpretation

Protein pathway analysis

Statistical analysis & evidence

SkatRbrain

Variant
collapse

I

Pathway

-

Combined variance
compenent and burden tests

(SKAT-0)
4 l

©
5
Enriched
: protein
Protein pathway
association pathway
Evidence report

Protein pathway network construct

STRING —_ Annotation
] Biocarta, BioCyc,
GO, KEGG, Reactome,
& PID, BIND, DIP, GRID,
R STRINGdb HPRD, IntAct, MINT
ProteoMCLustR
=
Cluster function
3
Markov Cluster v 1
Algorithm (MCL) g
Color legend
Intermediate VCF ’ Anotation data
\

Software ’ | Filtering algorithm
=
Filtering rules ’ ;S(allhll(dl protocols
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Single case reports

Single-case variants
ACMG/AMP score >6 likely pathogenic
or >10 pathogenic

Single-case variant genes

ACMG score Consequence IMPACT unique_variants
14 stop_gained HIGH 2
14  splice_acceptor_variant HIGH 3
14 frameshift_variant HIGH 6
12 stop_gained HIGH 1
10 splice_donor_variant HIGH 1

9 stop_gained HIGH 3
8 splice_acceptor_variant HIGH 1
8 stop-gained HIGH 2
8 stop_lost HIGH 2
8 splice_donor_variant HIGH 3
8 frameshift_variant HIGH T
7 stop_gained HIGH 4
7 missense_variant MODERATE 2
6 splice_acceptor_variant HIGH 1
6 stop_gained&NMD transcript_variant HIGH 1
6 stop_gained HIGH 2
6 frameshift variant HIGH 7
6 missense_variant&splice region&NMD MODERATE 1
6 missense_variant MODERATE 2

Symbol Consequence

ACD frameshift_variant
CFHR1 frameshift_variant
CFHR1 frameshift_variant
CFHR1 frameshift_variant
CFHR1 frameshift_variant
CFHRI1 splice_acceptor_variant
CFTR missense_variant
CFTR splice_donor _variant
IFIH1 frameshift_variant
IFIH1 splice_acceptor_variant
IL17F frameshift_variant
IL17F splice_donor _variant
IL17F splice_donor _variant
NLRC4 stop_gained

NLRP1 frameshift_variant



Single variants

125'975 variant tests
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ProteoMCLustR

Input:

N,;/, 1::1,...,7’),:

Nodes (genes) in the STRING database
Eij,t,3=1,...,n:

Edges (interactions) between nodes in STRING database
S : Score threshold for edges

I : lteration limit

L nin, Lmax : Size limits for clusters

e, r : Expansion & inflation parameters for MCL algorithm
Algorithm:

1. Preprocess (N;, E;j, S) — (N{, E{;)

2. Chooselnflation (N/, E. ., Lmin, Lmax) — inflation

277
3. RunMCL (N, E,gj, I, Lin, Lmax, inflation, e, )
/
3.1. Initialize M( — J
- Z:l E’:,k

3.2. lterate until convergence:
3.2.1. Expansion M (k) = (pr(k—1)ye
(k—=1)\r
M2
3.2.2. Inflation M|} = i (k_)l)
n
=1 M 0

3.3. Extract clusters from converged matrix M (fina)

Output:
Clusters: Set of optimized node (gene) clusters

O

Code ssues Pull racuests

main -

Pulls Issues Codespaces Markatplace Explore a

») Actions

Co to file

. Dylan-Lawless Dall-E imagined loge picture -

W R
B data
B imeges
] DESCRIFTION
NAMESPACE

[} README.md
README.md

Description

ProteoMCLustR

Proteome clustering with MCL algoritm in R.

Unpin

7 Projects

Add file ~

Unwatch 1 ~

= Wiki Security Insights

<> Code -

De2

About

Proteome clustering with MCL
algorithm in R. A tool for clustering
and analyzing protein-protein
interactions using the MCL
algorithm.

Releases

Packages




ProteoMCLustR

: . Proteome

B) C)
fixA_Rva3029c_p.Thi67Met - Rv2348¢_Rv2348¢_p.lle101Met TR
; o
75769176 2 1512151990 00
'y .
= 0B = 0%
g . & .
% ¥ s
? -.'. S« ' = ::l .~
T2 1
G G G| 7
Human Chr18 Posiion Human Chr21 Pasition
A)
T o » hd ° “ £ Q S N v ] » \d
Human ST ——

R R R AT e

iz
e

M.t —

D) 12151990 /E)v 1575769176 \

. PxA_Rv3028c_p Thos7Met
Rv2348c_Rv2348c_p.lle101Met

logfP)

10g,6(P)

o :
b «({ G

M.1b Geneme Position

0 - " e & 32
BCSAAG  Tap  ATNI0M fy o (TR

M.1b Genome Position

Genome-to-genome analysis reveals associations between human and
mycobacterial genetic variation in tuberculosis patients from Tanzania
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Archipelago

single-variant
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* Joint consensus recommendation on the standards
and guidelines for the interpretation of sequence =
variants (Richards 2015).
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* Standards and guidelines for the interpretation and
reporting of sequence variants in cancer (Li 2017 ).

* Technical standards for the interpretation and

reporting of constitutional copy-number variants
(Riggs 2020).

* Effective variant filtering and expected candidate

variant yield in studies of rare human disease
(Pedersen 2021).
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Evidence: technical
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Evidence: protein function
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Evidence: protein structural
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Evidence: pathway function
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Evidence: Pathway interpretation
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« KIR2DL4, KIR3DL3, KLRD1: Regulate
NK cell activity, central to innate
Immune response.

 LILRA1, LILRB1, LILRB4: MCH class |

 TREMLA1,2,4: Pathogen recognition

« SIGLEC1: Pathogen recognition,
macrophage activation

 SIRPG: immunomodulation; can lead to
sepsis' hallmark overactive response.
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Cluster Specs

. 419 compute nodes

. 2 Intel(R) per node (36 cores each)
. 3 TB SSD disk

. 512 GB RAM/node min

Max Requirements

. Time: 24 hours

. 24 CPUs/node; 80GB per CPU
. 1000 job array

. Occasionally 500GB RAM

Runtimes for 1000 sample
. GATK pipeline: < 8 hours

. Clustering: < 10 hours (parallel to
GATK)

. Statistical analysis: < 2 hours
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A face behind the research
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innovative Behandlungsmethoden und speziell
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