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1. DANDELION

DANDELION finds putative mediators
of trans effects on complex disease

Trans associations

[ y— Gene-trait °
B < | associations
: ”’; i w
X M Y
Disease-distal Disease-proximal Complex
genes or variants  genes (DPG) trait

Step 1: Assessing trans-regulatory and
gene-trait associations

Gene-—trait
associations (M—Y)
from burden test
of WES

Trans-regulatory
associations (X—M)
in disease-relevant
tissues

Step 2: Identify DPGs through mediation analyses

Case 1 (w,): .---X-) * —_ i

Case4: @~ * —_—> '
2. GOAT
( e P » .
A B Stage 1. Prioritization of biomarker candidates
T I | !
A Methylome ol | jo Network 2
o] propagation /"% Ranking
\ Transcriptome \
Network of genes Prae. 4 < > o h £
Metabolome <R e e
Input. s .
Multi-omics profile of a patient ype: ype-related genes Biomarker candidates
J
1—o el N
4 b Stage 2. Identification of biomarkers
« i (sl s S e Gl (o e sl s i s Sl il il rion S
\ Graph transformer
7 | Multi-head graph attention
&t | Multi-layer perceptron
Output. \
Interplay of + Patient class label .
Multi-omics biomolecules : . 4
| ° ° L4 g
“T—e : :.— . g T+
| ° °
| L
| Patient
i + suggesting | vector
Patient network biomarkers |
phenotype i
R
| Patient classification Learning latent representation of genes J
3. MIL2Het
~
(a) (b)
Nested cell type x gene search space Step 1. Gene-to-cell-to-phenotype prediction
Which cells matter in ‘Which genes matter @ ﬁ
a patient? within those cells?
\ T ®- Bt J--D -
W | A A= prediction
| - \ N L L ]
| ' V 1
H ) cat ot
@ ! §§§§ i iy S ;
! ]
1 A Gene selection Gene-gene interaction modeling MiL-based patient encoding H
| @rerrgig! and multi-view gene priors for cell encoding and phenotype prediction H
! \ F
I H H
BN ! ! Step 2. to-cell-to-g P i
(& Frie _
\ ) '
&/ IR o o ek H
Patient  Heterogeneous cells [ ! ’ i '§ @ ' T \
v H
‘ §§§§§5 €« @—— @ mmie et
1 H \ H
:‘ '1"‘>¢l>'4': 0 potential biomarkers @ b ettt ¢
Relevant cell type Context:specific Cell-type-resolved gene prioritization Estimating cell type relevance Fixed prediction module for relevance readout
context gene ranking
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A CHEE| DANDELION [4], GOAT [5], MIL2Het | 7HE & TR E LIEHACH DANDELION 2 ST H0|9] /A2 2™ RItE FH|
A 7|0 7t disease-proximal gene 2 M =2(35l1, GOAT = BE[2OUA HHOI QMAL ASAE HEQIE Ji=
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et A4t 220 shxt fef HE 2HE MEE UASH| 2L Al £ SOl § 2 A= B S 2ol A
FUot 2EE A MESD O|F PDO Lt PDX O|AM FHSHH AS5tes 4=EHHQ A2 2#&E
27t At

MZ =& o Z0M &8xp +=F o= U3 g F52=2

Al 7|8t k= HhE 0f F 2| &M 0 & GDSC(Genomics of Drug Sensitivity in Cancer), CCLE(Cancer Cell Line
Encyclopedia)?t 22 2 & MZF HIO[H7t 523 A3 SiRCt [89]. MEFO|M= CHYst A=S
St ZAUOM Mot s E BHIS ttEHoz 5FEY = U7 0, FTX LH0[L SHHO|L}
22 2 EZYI A E Aed AO|e] A E shEdt| Qo 2583 HIOHE &2Y £+ Ut 2 Z0l=
LINCS L1000 2t Z0| & MzZ|of E |FHA L HolE 22 F7$ perturbation H|O|E7HX]|
28L|HM, et AE Z4dE H0 20| MEL X SEfE O[Tt Wako 2 HIA| 7| =X|7HX]|
DY 4= s J[EH0] OFEE| D Tt [10].

JLr 2o SFHE At FE2 "0l MZEFTIL o] A0 H8E A7t 7 oLzt O]
SHAL7E O] X[ = 0f Bh3g Zi 17t 0|t

A. Source Domain: Cell Lines (Preclinical)

+ Data: GDSC, CCLE, and in-house cell line datasets
« Features: Multi-omics data (e.g., gene expression, mutation, i

CNV, methylation) and drug response (IC50, AUC) w
A Domain Gap Reduction

Embedding Space Mapping/ Transfer

* Goal: Learn drug resp
in cell lines

patterns and repr

* Q: “How do these cells respond to drugs?”

B. Target Domain: Patients (Clinical)

« Data: TCGA and in-house patient datasets

« Features: Multi-omics data (e.g., gene expression,
mutation, CNV, methylation) and clinical information

« Goal: Predict drug response in patients and support
precision medicine

B

* Q: “How will this patient respond to treatment?”

Domain Alignment via Representation Learning

1) Source Representation (Domain Gap Exists) 2) Alignment in Latent Space

3) Aligned Representation (Domain Gap Reduced)

= Domain Gap T
° A ! e O A . 4 .
~ . . P a - e o a A A
o :/ s “ R 2= © o s . T » °. % = i Prediction Output
A \ 3 - a A o A Drug Response | Sensitive / Resistant
. A \ A e o o a = A . & (Patients)
A & ; C Alignment Methods &
+ Domain Adversarial Training (DANN)
®  Cell line (Sensitive) + MMD / CORAL (Optional Transport)
A Coll line (Resistant) « Contrastive Alignment
@ Patient (Sensitive) + Shared Latent Space Learning
A Patient (Resistant) « Graph/Network Alignment (Optional)
a3 2. MZF0|M EXt22| k2 HHS X4 o|H S 9Ie UMY It B /Y.

2 %S HHS OO|E 7t HXME NEFE ZHB stS MEE ML= source domain O BHH AIK| $X} HO|H = X8 81
#o|S0| MetXo|n S OjMetd, MZ 74 3 TR =8 JEf §2 XH0|2 Qe MEZFet MZ CHE Ho|H X5
- Jott O et T Y4 -2HA} 2t domain gap & S=517] o MZF2 SRt ZAH EHS S& YHIE SU2 = njEsta
HEOZM, MEFOIM S5 42 UG XIAS BR +FO2 O|HY 4 YTk FBE YH T BLOME MEFS} Bxtol
HESHoR U3El= B ¢F X0|E EO0|BHAM o4E 3 AT E YES HESHY, HotEl 2HAF HIO|HOME ShAp =F 2|
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(a) THERAPI: Tumor Heterogeneity-aware Embedding for Response Adaptation and

Patient Inference

Aligning PatientCelline Modeling drug perturbation

Predicting patient drug response

@ @ D L

Drug response

Patient from TCGA Cancer cell lines from GDSC Cancer cell line Drug

(b) PANDA: Patient-level Adversarial Network for Dual Alignment of pre- and post-
treatment transcriptomic states

Post-treatment state alignment
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