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Supplementary Figure S1. Identification of INcCRNA by FLORA pipeline.

A The range and median fraction of reads from different types of transcripts in the whole transcriptome sequencing data
of normal gastric samples and gastric cancer in the TCGA cohort.

B Fraction of reads mapped to different RNA species and reads with low mapping quality on each chromosome across
all normal and tumor tissues. Genes that constitute large fractions of total mapped reads on several chromosomes are
marked. The mean values are marked as dot, and standard derivations are marked as ticks.

C Overview of the workflow of the FLORA pipeline.

D Number of known and novel IncRNAs in TCGA GC by FLORA pipeline. The 28,507 loci encoding potential
INcRNAs are represented as columns. Loci that overlap with known IncRNAs or other RNA species in Gencode,
Ensembl or RefSeq data are marked by purple and light blue, respectively. 13,675 loci overlap with known IncRNAs,
and 10,356 loci that do not overlap with any annotated genes are defined as novel INCRNAs.

E Fraction of reads mapped to noncoding regions of the genome in the TCGA GC patients with paired normal and
tumor samples (N=27). The normal and tumor samples from the same patient are connected with lines. The p-value is
calculated by two-tailed paired t-test.

F-G Fraction of reads mapped to noncoding (F) and coding regions (G) of the genome in all tumor (N=375) and normal
(N=32) TCGA samples. P-values are calculated by the Wilcox’s rank-sum test.
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Supplementary Figure S2. Identification of INCRNA expressed-based GC subtypes.

A Consensus matrices of INCRNA expression-based clustering with the number of classes k ranging from 2 to 5.

B Cumulative distribution function (CDF) curve of consensus index for different clustering results with the number
of classes k ranging from 2 to 10.

C Relative change in area under CDF curve shown in panel B.

D-G Examples of differentially expressed IncRNAs in L3 subtype compared with L1 and L2 subtypes, in GC
samples from the TCGA cohort. The midline, boxes, whiskers and dots show the median, quartiles, ranges and
outliers of the distribution, respectively. * P < 0.05, ** P <0.01, *** P < 0.001 by unpaired two-tailed t-test.
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Supplementary Figure S3. Comparisons of the survival differences in different GC subtypes.

A-B Kaplan-Meier curve illustrating the overall survival for GC patients of the three subtypes from the Yonsei University
(A) and Singapore (B) cohort. P-values are calculated by log-rank test.

C Distribution of tumor stages in the three INcRNA-based subtypes.

D Distribution of age at diagnosis in the three IncRNA-based subtypes.

E-H Survival probability of patients segregated by the combination of tumor staging and IncRNA-based subtypes. The P-
value across all subgroups is calculated by multivariate log-rank test, and the P-value of pairwise comparison by log-rank
test.



Fig. S4

Supplementary Figure S4. The IncRNA-based subtype is an independent prognostic factor in GC.

A
ACRG cohort Univariate analysis Multivariate analysis
Factor Variable Comparator HR (95% CI) P-value HR (95% CI) P-value
AJCC stage Stage 3/4 Stage 1/2 2.37 (1.72 - 3.25) 0.0000001 2.65 (1.85 — 3.80) 0.0000001
IncRNA-based subtype L3 L1/L2 1.44 (1.26 — 3.18) 0.043204 1.72 (1.18 — 2.51) 0.004551
Age Age = 65 Age < 65 1.94 (1.22 - 3.09) 0.007213 1.69 (1.18 — 2.42) 0.003858
Histology Diffuse Intestinal 1.54 (0.92 — 2.57) 0.000865 1.47 (1.14 - 1.90) 0.002800
EBV EBV No EBV 1.06 (0.56 — 2.01) 0.867122
B Yonsei University cohort Univariate analysis Multivariate analysis
Factor Variable Comparator HR (95% CI) P-value HR (95% CI) P-value
AJCC stage Stage 3/4 Stage 1/2 3.25 (1.65 - 6.37) 0.000615 3.41(1.74 - 6.71) 0.000375
IncRNA-based subtype L3 L1/L2 1.38 (0.98 — 1.93) 0.062949 1.48 (1.05 - 2.07) 0.023779
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A-B Value and 95% confidence intervals (95% CI) of the hazard ratios (HR) of different factors considered in the univariate
and multivariate cox regression analysis of ACRG (A) and Yonsei University cohort (B).
C-E Survival probability of ACRG (C), TCGA (D) and Singapore cohort (E) patients with diffuse and intestinal subtype. P-
value between subtypes are calculated by log-rank test.
F-G Distribution of diffuse and intestinal histology in the three INcRNA-based subtypes from the ACRG (F) and Singapore
cohort (G). Asterisks indicate significantly enriched histological subtype in each of the three INcRNA-based subtypes by one-
sided Fisher’s exact test (P < 0.05).
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Supplementary Figure S5. Genomic alterations, copy number variations, gene expression and survival in GC
patients of IncRNA-based subtypes.

A Frequency of somatic mutations which are significantly enriched in IncRNA-based subtype (P < 0.01 by Fisher’s
exact test). Each dot represents one frequently mutated gene in GC, with size proportional to its mutation frequency.
B-C Ploidy level of GC samples of L1, L2 and L3 subtypes in the TCGA (B) and ACRG cohort (C). * P < 0.05,
*** P <0.001 by Wilcox’s rank-sum test.

D Percentage of L1, L2 and L3 subtype samples from TCGA with whole-genome duplications (WGD1 and WGD?2)
and non-WGD, defined in Liu et al. * P < 0.05 by Fisher’s exact test.

E The fraction of genome with copy number variations in different IncRNA-based subtypes in the ACRG cohort. *
P <0.05, ** P <0.01, *** P < 0.001 by Wilcox’s rank-sum test.

F-G Recurrently amplified (F) and deleted (G) regions observed in IncRNA-based subtypes L1, L2 and L3 (in
orange, red and purple, respectively) from the TCGA cohort. The x-axis of circles represents the chromosomal
location and the y-axis represents the G-score of each location (ranging from 0-1.5 for amplifications and 0-1 for
deletions). Genes located at significantly amplified/deleted peaks were marked, with genes that are more frequently
amplified or deleted in L3 highlighted in red and blue, respectively.

H-1 Recurrently amplified (H) and deleted (I) regions observed in IncRNA-based subtypes L1, L2 and L3 (in
orange, red and purple, respectively) from the ACRG cohort. The x-axis of circles represents the chromosomal
location and the y-axis represents the G-score of each location (ranging from 0-2.0 for amplifications and 0-2.0 for
deletions).

J Over-expression of CCNE1 was observed in L3 subtype compared with L1 and L2. *** P < 0.001 by Wilcox’s
rank-sum test.

K-L Survival probability of TCGA GC patients in different molecular subtypes defined by Bass et al., (K) and Liu
etal., (L). P-value is calculated by multivariant log-rank test.

M Distribution of TCGA molecular subtypes (defined by Bass et al., 2014) in the three INCRNA-based subtypes. *
P < 0.05 by Fisher’s exact test.

N Survival probability of L1-CIN and L3-CIN subgroups. P-value is calculated by log-rank test.
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Supplementary Figure S6. DNA hypomethylation and TP53 mutations in L3 subtype are associated IncRNA
overexpression.

A-B Expression of TET1, TET3 and TDG in IncRNA-based GC subtypes in the TCGA (A) and ACRG (B) cohorts.

C-F Hypomethylation of INcCRNA species that are over-expressed in L3. The midline, boxes, whiskers and dots show the
median, quartiles, ranges and outliers of the distribution, respectively.

G H19 methylation level is anti-correlated with the expression level of H19, TET1, TET3 and TDG. Probe cg11716026
was selected to represent H19 gene methylation level. Each dot represents one GC sample in the TCGA dataset. GC
samples of InNcCRNA expression-based subtype L1, L2 and L3 are shown in yellow, red and purple, respectively.

H-1 Level of H19 expression (H) and methylation (I) in TCGA GC samples with no TP53 alterations and with TP53
mutations and/or deletions. The midline, boxes, whiskers and dots show the median, quartiles, ranges and outliers of the
distribution, respectively. * P <0.05, ** P < 0.01, *** P < 0.001 by two-tailed unpaired t-test.



Spearman’s correlation coefficient
o5/

C E

Spearman'’s correlation coefficient
05| 1 05|

1

F GO terms associated with HOTTIP

cell cycle

uterus development

proximal/distal pattern formation

microvillus organization

digestion

intracellular part

cell-cell junction

condensed chromosome outer kinetochore

ATP binding

sequence-specific DNA binding

cell-cell adhesion mediator activity

Transcriptional misregulation in cancer

EPH-Ephrin signaling

Defective GALNT12 causes colorectal cancer 1 (CRCS1)

Defective CIGALT1C1 causes Tn polyagglutination syndrome (TNPS)
Defective GALNT3 causes familial hyperphosphatemic tumoral calcinosis (HFTC)
TRAIL signaling

hsa-miR-192-5p

hsa-miR-215-5p

-log10(P-value)

Spearman’s correlation coefficient

12

Fig. S7

BP

ccC
MF
keg
rea

mir

GO terms associated with H19

multicellular organism development
glycosaminoglycan biosynthetic process

collagen metabolic process 1 [l

actin filament-based process ]

protein heterotrimerization { ll

extracellular matrix

endoplasmic reticulum lumen

cell projection

cell junction

plasma membrane part

actin cytoskeleton

extracellular matrix structural constituent

binding

collagen binding

glycosaminoglycan binding

transcription regulator activity

Focal adhesion

ECM-receptor interaction

Hippo signaling pathway

Human papillomavirus infection

Proteoglycans in cancer

Protein digestion and absor ption

Basal cell carcinoma

AGE-RAGE signaling pathway in diabetic complications
PIBK-AKt signaling pathway

Pathways in cancer

Breast cancer

Amoebiasis

Hedgehog signaling pathway

Hippo signaling pathway — multiple species
Signaling pathways regulating pluripotency of stem cells
Extracellular matrix organization

Diseases of glycosylation

O-glycosylation of TSR domain-containing proteins
Regulation of Insulin-like Growth Factor (IGF) transport and uptake by Insulin-like Growth Factor Binding Proteins (IGFBPs)
Post-translational protein phosphor ylation
Glycosaminoglycan metabolism
Muscle contraction

Signaling by PDGF

Neurexins and neuroligins
hsa-miR-29b-3p

hsa-miR-328-5p

0 10 20 30 40
-log10(P-value)

GO terms associated with HOTAIR

nucleic acid metabolic process

anterior/posterior pattern spemflcatlon

al process

esponse to |on|sz| rhdration

anaphase—-promoting complex—dependent catabolic rocess
uterus deve opmeng

ar par

nucleic acid blndln

catalytic activity, acting on DN
structural constituent of nuclear pore
ribonucleoprotein complex blndlng

osome
Ribosome blogenesls |n eukar yotes
repllcatlont

Homologous recombination

midine metabolism

Fanconl anemia pathway

Base excision repair

ocyte meiosis

Progesterone-mediated oocyte matur ation
mRNA surveillance pathwally

Metabollsm of FYNA

Gene expression frranscrl ption)
RHO GTPases Activate Formins

SUMOyIatlon of DNA repllcatlon roteqns

iated nuclear export of HIV RN.
NEP/NS2 Interacts wnh the Cellular Export M%chlnery
nes

Transport of Rlbonucleopm(ems into the Host Nucleus
iral Messenger RNA Synthesis
Regulation of Glucoklnase by Glucoklnase egulatory Protein
de endént Golgi-to—ER retrograde traffic
ral mechanism by IFN- stlmu aled enes
Anchonng of the basal bodE/ to the plasi
class I antlgen presemallon

N com Iex

Mitotic checkpoint complex (M:

FA complexéFanconl anemia comple
8-RFC complex

. a 107-160 subco
Condensin |-PAl F‘—1—XRCC1 complex
NDCB80 kinetochore complex

2&_/

S

50 100
-log10(P-value)

BP
cc
MF
keg
rea
mir

cor



Supplementary Figure S7. Functional prediction and experimental validation of oncogenic INCRNAs.

A,C,E Co-expression network of H19 (A), HOTAIR (C) and HOTTIP (E) in GC. The genes with Spearman’s correlation
coefficient above 0.5 are showed in the network. Node size is proportional to —log10(P-value) of Spearman’s correlation
coefficient. The edge color represents the Spearman’s correlation coefficient between the expression of INCRNA and its
co-expressed genes.

B,D,F GO terms associated with H19 (B), HOTAIR (D) and HOTTIP (F). The color represents three sub-ontologies of
GO terms (BP: biological process; CC: cellular component; MF: molecular function; keg: KEGG pathways; rea:
reactome; mir: miRNA targets).
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Supplementary Figure S8. Expression of LINC01614 in different subtypes of GC.

A Heatmap showing the molecular characteristics of the INCcRNA expression-based subtypes, including prevalence of
TP53 mutations, fraction of genome with copy number alterations and expression of several subtype-specific INCRNAs.
B Prioritization of 50 GC-specific survival-related INcRNAs in GC. The annotated INcRNAs and novel IncRNAs are
colored navy and blue, respectively. Asterisks indicate INcRNAs with experimental evidence of oncogenic functions.
C-D Expression of LINC01614 in IncRNA expression-based subtypes in the TCGA (B) and ACRG cohort (C).

E-F Expression of LINC01614 in molecular subtypes defined by the TCGA study (E) and by the ACRG cohort (F). * P
<0.05, ** P <0.01, *** P < 0.001 by two-tailed unpaired t-test.
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Supplementary Figure S9. Characteristic of LINC01614-high L1 tumor and functional prediction of LINC01614
based on co-expression analysis in TCGA dataset.

A-C Distribution of ACRG LINC01614-high L1 and LINC01614-low L1 subgroups in molecular subtypes defined by the
ACRG cohort (A), histological subtypes (B) and AJCC metastasis status (C). * P < 0.05 by Fisher’s exact test.

D Co-expression network of LINC01614. Genes with Spearman’s correlation coefficient > 0.5 were selected for the
network visualization. Node size represents mutual information between the expression of LINC01614 and the gene in the
circle, while edge color represents the spearman correlation coefficient. Genes related to extracellular matrix (ECM), cell
migration or both are colored blue, purple and orchid, respectively. E GO terms enriched in the co-expression network of
LINCO01614 (BP: biological process; CC: cellular component; MF: molecular function; mir: miRNA targets)..
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Supplementary Figure S10. Over-expression of LINC01614 in GC cell lines promotes proliferation and migration.

A Validation of LINC01614 expression in normal (GES1) and gastric cancer cell lines by semi-quantitative PCR.

B-D Validation of LIN01614 over-expression in MKN28 (B), MKNL1 (C), GES1 and MGC803 (D) cell lines by gPCR.

E-F Colony formation in GES1 (E) and MGCB803 (F) cell lines with and without LINC01614 over-expression.

G-I Proliferation rate under LIN01614 over-expression (red) and control (black) in MKN1 (G), GES1 (H) and MGCB803 (1)
cell lines.

J-K Wound healing rate under LIN01614 over-expression (red) and control (black) in GES1 (J) and MGCB803 (K) cell lines.
L-M Representative images of wound healing assay in GES1 (L) and MGC803 (M) cell lines with LINC01614 over-
expression and control.

In all experiments, three biological replicates were performed for each group. Data are represented as mean = SD. * P <
0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001 by two-tailed unpaired t-test.
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Supplementary Figure S11. Experimental validation of LINC01614 functions in driving GC cell proliferation and
migration.

A-C Validation of effective CRISPR-Cas9 knockout of LIN0O1614 and reduced expression in MKN28 (A), MKNL1 (B) and
GES1 (C) cell lines by gPCR.

D-E Colony formation in MKN1 (E) and GESL1 (F) cell lines with and without CRISPR-Cas9 knockout of LIN01614.

F-G Proliferation rate under CRISPR-Cas9 knockout of LIN01614 (red) and control (black) in MKN1 (F) and GES1 (G)
cell lines.

H-1 Wound healing rate under CRISPR-Cas9 knockout of LIN01614 (red) and control (black) in MKN1 (H) and GESL1 (1)
cell lines.

J-K Representative images of wound healing assay in MKN1 (L) and GES1 (M) cell lines with CRISPR-Cas9 knockout of
LIN01614 and control.

In all experiments, three biological replicates were performed for each group. Data are represented as mean = SD. * P <
0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001 by two-tailed unpaired t-test.
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Supplementary Figure S12. Analysis of transcriptome-wide changes in GC cell lines after LINC01614 over-
expression or CRISPR-Cas9 knockout.

A-B Fold change of gene expression in GC cell lines after LINC01614 over-expression (A) or CRISPR-Cas9 knockout
(KO) (B) compared to the controls.

C-D Overlap between the number of genes that are positively associated with LINC01614 by coexpression analysis and
the genes that are strongly affected by LINC01614 over-expression (C) or LINC01614 KO (D).

E Cancer hallmark gene sets that are significantly altered in all LINC01614 over-expression and KO experiments (NOM
p-value < 0.05 and FDR g-value < 0.25). The x-axis shows the normalized enrichment score by Gene Set Enrichment
Analysis of each experiment.



