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Abstract

Long non-coding RNAs (IncRNAs), which constitute the majority of the human transcriptome,
play pivotal roles in gene regulation and disease mechanisms, particularly in cancer. Despite
their biological importance, the understanding of their cell-type and tissue-specific functions
remains limited, largely because most available data are from bulk RNA sequencing. Given
that IncRNAs are often lowly expressed and highly cell-type specific, their characterisation at
single-cell (SC) resolution remains underexplored. This PhD project aims to identify and
analyse IncRNAs within a spatial and cell-type context, resulting in the creation of a novel and
comprehensive IncRNA pan-cancer atlas. We hypothesised that by integrating high-throughput
single-cell RNA sequencing (scRNA-seq) and spatial transcriptomics (ST) data, we could not
only detect the majority of known IncRNAs but also uncover novel ones and predict their
functions in specific cells and tissues. The overall objective is to build a pan-cancer, single-cell
and spatial IncRNA resource that can help uncover the roles of IncRNAs in diagnosis,

prognosis, and therapeutic response in cancer.

This thesis comprises three aims: (1) Implementing a bioinformatic pipeline to detect IncRNAs
from single-cell and spatial transcriptomics data using 10x Genomics’ capture protocols and
assessing how off-target measurements of IncRNA can affect gene expression interpretation in
probe-based capture methods; (2) Computational and experimental validation of unannotated
IncRNAs and new approaches to perform cell-type and location-specific analyses of their
potential functions, making this pan-cancer resource of IncRNAs available in the form of an
AWS cloud server based website; and (3) Integrating ST with genetic data to comprehensively
study IncRNA roles at RNA and DNA level. This aim includes CNV inference to identify
malignant regions within tumours, investigating whether novel IncRNAs improve predictive
accuracy for malignancy. Additionally, by leveraging genome-wide association studies
(GWAS), this aim shows our pioneering research on mapping IncRNAs associated with cancer-

relevant traits on specific spatial domains and cell types within a tumour.

During the first year, I applied the TAR-scRNA-seq bioinformatics pipeline to both scRNA-
seq and ST datasets to detect IncRNAs in fresh frozen and FFPE cancer tissues (Aim 1).
Unexpectedly, we observed that a few novel IncRNAs were detected in 10x Visium datasets
using probe-based capture. This led to further analysis of these off-target signals and their

impact on interpretation of coding gene expression. The results highlight the importance of
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designing ST probes based not only on coding genes but also the entire transcriptome, including

IncRNAs, to avoid confounding effects.

In the second year (Aim 2), I applied the same pipeline to fresh frozen tissues from 13 cancer
types. A combination of bioinformatics tools was used to assess coding potential, sequence
conservation, and overlap with public IncRNA databases like FANTOM-CAT, LncBook,
NONCODE and TCGA. I developed new methods to infer potential IncRNA function using
spatial autocorrelation, co-expression module networks, eQTL/GWAS SNP enrichment,
survival analysis using TCGA bulk data, and differential expression analyses for cell-type and
tumour-region specificity, including pre/post-treatment comparisons. For experimental
validation, we used qPCR and long-read sequencing technologies like PacBio Iso-Seq and
Oxford Nanopore (ONT) to capture longer transcripts from Visium libraries. Since Visium data
lacks single-cell resolution, we further analysed datasets from Curio Seeker, a newer spatial
method that captures polyadenylated transcripts at single-cell resolution. Using breast cancer
and melanoma datasets, we confirmed co-expression of novel IncRNAs with known coding
genes in specific cell types and regions. These analyses led to the identification of top candidate
functional IncRNAs, which were validated using a custom panel including 76 IncRNAs on the
Xenium platform, confirming tissue-specific and cancer-specific expression patterns. For
broader usability of our findings, we developed an interactive AW S-hosted database, available
at https://spanclnc.click/. This is the largest single-cell and spatial IncRNA resource across

multiple cancers, providing annotations, visualisation, and querying tools.

The final aim in this thesis is to further explore the roles of DNA variants in the context of
IncRNA expression in cancer, as most of the significant trait-associated genomic variants lie
outside the coding regions. This work involved the integration of genetic level information like
CNVs and GWAS summary statistics with SC and ST to identify malignant cells/spots and
mapped genetic association signals to cells/spots/IncRNAs. First, I evaluated different tools for
CNV inference from scRNA-seq/ST data and selected the best one to predict malignancy. Next,
I incorporated our unannotated IncRNAs to evaluate if they improve the malignancy prediction
and identified those that contribute to malignancy. Finally, I applied an emerging method to
map genetic association signals to cells/spots/IncRNAs. This approach leverages GWAS
summary statistics to uncover functional insights into IncRNAs by linking them to nearby trait-

associated SNPs, enhancing our understanding of their roles.
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In summary, this PhD work establishes a robust, scalable framework to detect, validate, and
functionally characterise IncRNAs in cancer using single-cell and spatial transcriptomics. The
resulting resource and methods significantly advance our ability to study IncRNAs at high

resolution and provide a new perspective on cancer biology.
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&Y (Abstract in Hindi)

I8 TUST oY BRf AT AT-BIST 3TRTUAY (IncRNAs) TR hied 8, S AIFd ¢iash@Id &7 U
g1 o g € 3R S fafFaw qam o d, faodw o 3 R, ¥ weayuf yfieT fvm €
Sifdes B ¥ AgYUf 84 & ITISE, IncRNAs BT BIfABI-HBR 3R SHahb-fafere YfAawrail b
Al 379 Ml HifAd 2, wilfds 31fUpier 3ucer 37 g RNA I W1 3muiRd €1 i
IncRNAs HTHTRI: A AT H 3(fHeder 8id 8 3R it Bifeiel-fafers gid 8, SHfdy 37T
UBA-BIABI  (single-cel) TR W foeamor 3@ W &7 effad 2
9 UIvast IRATSHT BT 3899 IncRNAs D GgdT HBIAT 31R 37T faeeiyuT 1A (spatial) 31K
BIfABI-YBR b HeH H AT &, TS Teb 7T 3R ATUD UF-BER IncRNA Teord faepd fepar
ST &b | §HRT AT T b 3=I-0Tad Tl Vebel-clfeieh] RNA 31ghAUT (scRNA-seq) 31K
TYTfHes ZRIFPRIHAN (spatial transcriptomics - ST) ST Bl Geblpd Beb, 7 dbde Tedpiel JATd
IncRNAs 1 Y& ST Hebdl &, dfech 7¢ IncRNAs B @ief 3R fafere pifeieprai/amden! # 316
T BT BT |t 3TIAT TR ST HebdT &1 $H AT BT & 3837 Yeb VAT UF-BIR IncRNA
T FAET & ST G, IT-yafgAe 3R 3UER 9fdfesar # IncRNAs &1 [T &f FrgH o

TEIIdT X Th |

g oY 1 37 3221 W faqTfoid 2: (1) Ueb GRS hIHICHh UTgUATe ol (I &heAT SiT single-
cell 31K spatial transcriptomics 3T ¥ 10x Genomics & &R WIEIBId BT 3TN B IncRNAs
BT 9dT Y, 3R I8 freeioor FeAT fob Ug-3marRd adieel H IncRNA 6T off-target HTT ST
sfficafeRd bt AT BT Bl TTfAd B Febdl &; (2) TUBIIRIA IncRNAs BT BFRIS[d 3R
TRINTTHP TSI BT, 3R 37 GHTfdd BTt BT BIfbI-UbR 3R TATfHe TR IR faomsor
B & fog 7€ fafgaT fGefia S, a1 € & e W 3maid 37-5wR 3e9d B AWS
FAT3E W BIRC I TS dGHTGE b U H 3UcTeH] BIMT; 3N (3) ST b 3T TIb ST b HIf Tebldpel
BT, fSHT RNA 31K DNA &R W IncRNAs &1 {fHBI3 BT ATUDh 31eag fbam ST 9| 39
32T H CNV Aeeivor onfAet 2 a1fcs SR & Havgad &1 bl Ugd I ST Teb IR Ig STidm
ST {3 b &7 AT IncRNAs HIR &t Hid=garoft B Fiedr T 98k a11d &1 9P fdRa,




GWAS ST o1 3UGNT R §Y I8 37623 Ig feardr & fob 3 faferse emfes s 37k pifier-
DRI H SER-FaHT 0T A 58 IncRNAs &Y HIYT BT 51 Hebeil &

{9 H (38271), HY TAR-scRNA-seq UTSUATST Bl g scRNA-seq 3R ST STRITH W AT
fepaT aTfes ATST WIS 31K FEPE ¥R 3! H IncRNAs @l UgIT bl ST Fdb | 3TRIAASTHeb BU
3, EF T b M9-3mTRa F@R RT 10x Visium 32T ¥ B 7T IncRNAs Ht Tgam Y| g5
IRUTTHRERSY 7 off-target Febdi 31X 39 BITST ST TR TR YHTT BT e fdeeo fasar
TT| g T G311 fb ST HTeH Pl belcd IS il TR TR 7 I& GX T IH, faeisey
IncRNAs, &1 8719 § TG fSoi1e fear ST I1fey darfds Tad SasaT 9 917 ST 9 |

SR I9 (3897 2) H, HA S UTSUCATSA Bl 13 37cTTT-3717 BER YebRI b TAToT BIST helepl TR ]
fepaT| IS &HdT, 31gshH FREIUT, 31k FANTOM-CAT, LncBook, NONCODE, TCGA S
HrdSTfeb IncRNA ST & H12f 3Rl &l e iehT A b Tl q fafi=T aratg—wpiifce god o1
3TN fhar T Irfdd st B vfasgait & fav enfie W@-gedEy (spatial
autocorrelation), Tg-3THATHRT (co-expression) 7¢dds, eQTL/GWAS SNP enrichment, TCGA
ST I IYYNT PP Faigdd [daivuT, 3R BIAFBI-UPR T SR-81F fafere favees sihiafad
fdeewor fby 77 — fSAH 3UUR § Usd AR A& B daw Ml enfAe el
TANTIHS FATIT & Ty, 899 qPCR 3IR PacBio Iso-Seq d2T Oxford Nanopore (ONT) St
CIE1-UgTS debHtepl T IUYNT febdT T Visium ATSsRT H YT WalTs dTel gibfsh TG febq ST
b | e Visium S H single-cell RSTeg2H T8l 8IdT, HIe1q 8 Curio Seeker ST 78 spatial
dP-1p] I U 5T BT faeawuT fasaT, ST polyadenylated iRIfPE I single-cell ¥R TR UHS
Thdl g1 T HOR 3R HelAHT ST BT 3UdNT b, gH fdferse Hifeimrait 3R & § A
IncRNAs &1 Td BIfST ST & HIe He-31 AR bl Gfte Dl| g7 faeeivon & o FraicHd
IncRNAs &1 T8 g8, 5% Xenium TEWHIH TR 76 IncRNAs ITet F¥cH Ud & STRY T
fbar TN SEE 3P Hdp-fafeie AR FI-fAfere siafed Ued & gie gg|
gAR sl & e IuAifTar gAfedd & & fay, 37 To Seifaed AWS-EReE Seed
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faefd fasa, ST hitps://spanclne.click/ TR 3T & | TS 379 A BT JaY 8T Thdl-bI 20T 3R
TTfHeh IncRNA FETHA &, ST g1, Ts]3retrgsied 3iR drekl 2o Uald &l 2

I pT 37fdH 3827 BE H IncRNA 1A &b HeH § DNA dRTSH bl fHebT T 37907
BT E, Hifeh eIl IT-HeaHi Tebed YfereidICISE TgHUAT3T (SNPs) BITST &3l & aTe Red
BId 21 §9 31T H Ubcl-pIfRIep] 3R TG ZifshelIHea $eT ol Ufdfeift I&ar # aiad
(CNVs) 3R GWAS TRieI 3iTeel & ATl Thiepd 35T T dTfds huRgard pIfIpT3i /R TeT bl
TgI T ST Heb 3R 37Tdf2leh Habdl Bl IncRNAs 3R RITHe TR W HY fbar ST deb | Fad
UEA, HY CNV 3JHH A & foig fafi=T 2o &1 Jodioed fasar 3R SR 61 Ugam™ | Jarad
Y22 dTel < &1 T Tl §9P a1, HH 97 IncRNAs Pl Si1eT 3R Ig 3&@T fob I BaR bl
vfasgamof ¥ GUR 9 Tebd € a1 AL 3id §, HY GWAS i1l BT P13/ ATed/IncRNAs
b St & fay e 8 fafdr 319mE, {599 SNPs & U f&d IncRNAs &1 braferes fAwT &
IR H STHBRT 9T g8 |

HRI2IC:, T YIUTrS! Bl Teb HST TR Tbelalel ST YK Bl & SiT Uebel-aplfelepT 3R T
IafhRIiaT & AT I IncRNAs P! UgdH, FITIA 3R BrafcAd faredrsi &r 3eadd &3
BT gfauT a1 €1 5 oMy W faosfia T 3R UgfaaT IncRNAs & 31699 3 3o Retiege
TR o ST 8 3R B SHafdi Bl GHg BT b 7T gfSChIvT JaH il 2|
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