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wherein each forward primer of the plurality of forward and reverse 

primer pairs specific to the plurality of target genes that are capable of 

undergoing genomic alteration is complementary to a sequence located about 

50 base pairs upstream of an exonic junction of each target gene that is capable 

of undergoing genomic alteration,  5 

wherein each reverse primer of the plurality of forward and reverse 

primer pairs specific to the plurality of target genes that are capable of 

undergoing genomic alteration is complementary to a sequence located about 

50 base pairs downstream of an exonic junction of each target gene that is 

capable of undergoing genomic alteration, that is the same or different from the 10 

exonic junction targeted by the forward primer, 

wherein each reverse primer of the plurality of forward and reverse 

primer pairs specific to the plurality of target genes that are capable of 

undergoing genomic alteration comprises a barcode sequence on its 5’ end, 

wherein the barcode sequence of each reverse primer corresponding to each 15 

target gene that is capable of undergoing genomic alteration is different, and/or 

(II) a plurality of forward and reverse primer pairs specific to a plurality of control 

housekeeping genes, wherein: 

(i) each forward primer of the plurality of forward and reverse primer pairs 

specific to the plurality of control housekeeping genes is complementary 20 

to a sequence spanning an exon-exon junction of each control 

housekeeping gene,  

wherein each reverse primer of the plurality of forward and 

reverse primer pairs specific to the plurality of control housekeeping 

genes is complementary to a sequence about 100 base pairs downstream 25 

of the sequence spanning the exon-exon junction of each control 

housekeeping gene,  

wherein each reverse primer of the plurality of forward and 

reverse primer pairs specific to the plurality of control housekeeping 

genes comprises a barcode sequence on its 5’ end, wherein the barcode 30 

sequence of each reverse primer corresponding to each control 

housekeeping gene is different; 

(ii) each reverse primer of the plurality of forward and reverse primer pairs 

specific to the plurality of control housekeeping genes is complementary 
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to a sequence spanning an exon-exon junction of each control 

housekeeping gene, 

wherein each forward primer of the plurality of forward and 

reverse primer pairs specific to the plurality of control housekeeping 

genes is complementary to a sequence about 100 base pairs downstream 5 

of the sequence spanning the exon-exon junction of each control 

housekeeping gene,  

wherein each reverse primer of the plurality of forward and 

reverse primer pairs specific to the plurality of control housekeeping 

genes comprises a barcode sequence on its 5’ end, wherein the barcode 10 

sequence of each reverse primer corresponding to each control 

housekeeping gene is different; or  

(iii) each forward and each reverse primer of the plurality of forward and 

reverse primer pairs specific to the plurality of control housekeeping 

genes is complementary to consecutive sequences spanning an exon-15 

exon junction of each control housekeeping gene, 

wherein each reverse primer of the plurality of forward and 

reverse primer pairs specific to the plurality of control housekeeping 

genes comprises a barcode sequence on its 5’ end, wherein the barcode 

sequence of each reverse primer corresponding to each control 20 

housekeeping gene is different, and/or  

(III) a plurality of primer sets specific to a plurality of target genes related to 

protein expression, 

 wherein each primer set comprises a plurality of forward and reverse primer 

pairs specific to each target gene related to protein expression, wherein: 25 

(i) each forward primer of the of the plurality of forward and reverse primer 

pairs specific to each target gene related to protein expression is 

complementary to a sequence spanning an exon-exon junction of each 

target gene related to protein expression,  

wherein each reverse primer of the of the plurality of forward 30 

and reverse primer pairs specific to each target gene related to protein 

expression is complementary to a sequence about 100 base pairs 

downstream of the sequence spanning the exon-exon junction of each 

target gene related to protein expression, 
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wherein each reverse primer of the plurality of forward and 

reverse primer pairs specific to each target gene related to protein 

expression comprises a barcode sequence on its 5’ end, wherein the 

barcode sequence of each reverse primer corresponding to each target 

gene related to protein expression is different,  5 

(ii) each reverse primer of the plurality of forward and reverse primer pairs 

specific to the plurality of target genes related to protein expression is 

complementary to a sequence spanning an exon-exon junction of each 

target gene related to protein expression, 

wherein each forward primer of the plurality of forward and 10 

reverse primer pairs specific to the plurality of target genes related to 

protein expression is complementary to a sequence about 100 base pairs 

downstream of the sequence spanning the exon-exon junction of each 

target gene related to protein expression, 

wherein each reverse primer of the plurality of forward and 15 

reverse primer pairs specific to the plurality of target genes related to 

protein expression comprises a barcode sequence on its 5’ end, wherein 

the barcode sequence of each reverse primer corresponding to each 

target gene related to protein expression is different; or 

(iii) each forward and each reverse primer of the plurality of forward and 20 

reverse primer pairs specific to the plurality of target genes related to 

protein expression is complementary to consecutive sequences spanning 

an exon-exon junction of each target gene related to protein expression, 

wherein each reverse primer of the plurality of forward and 

reverse primer pairs specific to the plurality of target genes related to 25 

protein expression comprises a barcode sequence on its 5’ end, wherein 

the barcode sequence of each reverse primer corresponding to each 

target gene related to protein expression is different,  

thereby generating a plurality of amplicons;  

(c) purifying the plurality of amplicons from step (b); 30 

(d) amplifying the purified product from step (c) by using universal indexed adapter 

primers to generate a sequencing library; 

(e) purifying the sequencing library obtained from step (d); 
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[0008] In another example, the present disclosure refers to a kit for detecting genomic 

alteration and/or detecting gene expression and/or quantifying a level of gene expression using 

RNA in a biological sample according to the method disclosed herein, wherein the kit 

comprises: 

- a plurality of forward and reverse primer pairs specific to a plurality of target genes 5 

that are capable of undergoing genomic alteration as defined in the method 

disclosed herein,  

-  a plurality of forward and reverse primer pairs specific to a plurality of control 

housekeeping genes as defined in the method disclosed herein, and  

-  a plurality of primer sets specific to a plurality of target genes related to protein 10 

expression as defined in the method disclosed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention will be better understood with reference to the detailed description when 

considered in conjunction with the non-limiting examples and the accompanying drawings, in 

which:  15 

[0010] Fig. 1 is a general overview of the cfRNA-based detection method of a gene fusion 

event resulting from the intronic DNA rearrangement between two genes as described herein. 

Primers (represented by arrows) are designed to flank exonic junctions of genes known to 

undergo fusions. Primers (→) are designed such that the if a fusion product is present, the 

resulting amplicon would be of ~100 base pairs in length to be compatible with the observed 20 

cfRNA fragment size in plasma samples. 

[0011] Fig. 2, comprising Figs. 2A and 2B, illustrates examples of primer design of the 

disclosed method, wherein Fig. 2A illustrates examples of primer design for capturing control 

housekeeping genes (left panel) and expression genes (right panel) in cfRNA. At least one 

primer of a primer pair spans an exon-exon junction, to prevent unintended amplification of 25 

cfDNA and the resulting amplicons are approximately 100 base pairs in length. It should be 

noted that the primer pairs for the housekeeping genes differ from that of the expression genes, 

and Fig. 2B illustrates an example of a forward primer and a reverse primer designed to bind 

to two different exons, intervened by an intron >5000 base pairs in length.  

[0012] Fig. 3, comprising Figs. 3A and 3B, shows the size and concentration analysis of 30 
cfRNA from plasma total nucleic acid extracts from cancer patients and healthy individuals, 
wherein Fig. 3A shows the size and concentration analysis of cfRNA from plasma total nucleic 
acid extracts from a cancer patient (sample A), Fig. 3B shows the size and concentration 
analysis of cfRNA from plasma total nucleic acid extracts from another cancer patient (sample 
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as disclosed in step (b)(III) span an exon-exon junction, wherein the exon length is about 100 

base pairs.  

[0036] In one example, each reverse primer of the plurality of forward and reverse primer pairs 

specific to a plurality of target genes that are capable of undergoing genetic alteration as 

disclosed in step (b)(I), each reverse primer of the plurality of forward and reverse primer pairs 5 

specific to a plurality of control housekeeping genes as disclosed in step (b)(II), and each 

reverse primer of the plurality of forward and reverse primer pairs specific to a plurality of

target genes related to protein expression as disclosed in step (b)(III) comprise a barcode 

sequence on its 5’ end, wherein each barcode sequence is different. As used herein, the term 

“barcode sequence” refers to an encoded molecule or barcode that includes variable amount of 10 

information within the nucleic acid sequence. For example, the barcode sequence is a tag that 

can be read out using any of a variety of sequence identification techniques, for example, 

nucleic acid sequencing, probe hybridization-based assay, and the like. In some examples, the 

barcode sequence is used in the method as described herein to tag different converted cDNA 

sequences of target regions of a sample, such that when the barcode sequence tags to the 15 

converted DNA sequences of target regions, each different converted cDNA sequence of target 

region would then have a unique barcode sequence that is attached to it and read out with the 

converted cDNA sequence of target region from the sample.  

[0037] The barcode sequence allows the pooled analysis of multiple unique target sequences, 

where the resulting sequence information from the pool can be later attributed back to each 20 

starting target sequence. That is, after the process of amplification, the barcode sequence is 

used to group amplicons to form a family of amplicons having the same barcode sequence. In 

some examples, the barcode sequence is an overhang that does not complement any sequence 

within the target region. As each reverse primer carries on its 5’ end a randomly assigned 

barcode sequence as disclosed herein, the barcode sequence allows individual cDNA molecules 25 

to be tagged uniquely in the step of sequencing library formation.  

[0038] In one example, the barcode sequence is an oligonucleotide comprising 10 to 16 random 

nucleotides, or 10 to 15 random nucleotides, or 10 to 13 random nucleotides, or 10 random 

nucleotides, or 11 random nucleotides, or 12 random nucleotides, or 13 random nucleotides, or 

14 random nucleotides, or 15 random nucleotides, or 16 random nucleotides. In one example, 30 

the barcode sequence is an oligonucleotide comprising 10 to 16 random nucleotides. In one 

example, the barcode sequence is an oligonucleotide comprising 10 random nucleotides. In one 

specific example, the barcode sequence is an oligonucleotide comprising 10 random 

nucleotides which can be represented as NNNNNNNNNN (SEQ ID NO: 1).  
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[0065] In one example, the universal indexed adapter primers as disclosed in step (d) of the 

method of the first aspect comprise: 

a forward primer comprising the sequence of 

AATGATACGGCGACCACCGAGATCTACACCTAGCGCTACACTCTTTCCCTACACG 

ACGCTCTTCCGATC*T (SEQ ID NO: 2); and 5 

a reverse primer comprising the sequence of 

CAAGCAGAAGACGGCATACGAGATAACCGCGGGTGACTGGAGTTCAGACGTGTG 

CTCTTCCGATC*T,(SEQ ID NO: 3), 

wherein “*” represents a phosphorothioate bond, and wherein the underlined sequences are the 

barcode sequences. The plurality of sequencing library formed is then purified, as disclosed in 10 

step (e) of the first aspect.  

[0066] In one example, the purification of the plurality of sequencing library is performed 

using an agent such as paramagnetic beads.  In one example, the paramagnetic beads are 

selected from the group consisting of AMPure XP beads, SPRI beads, and Dynabeads. In one 

example, the paramagnetic beads are AMPure XP beads.  15 

[0067] The purified plurality of sequencing library is then subjected to multiplex sequencing 

on a next-generation sequencing platform, as disclosed in step (f) of the first aspect, to obtain 

a plurality of sequencing reads. 

[0068] In one example, the plurality of sequencing library is sequenced on NextSeq 550, 

NovaSeq 6000, or BGI MGISEQ-2000, DNBSEQ-G400, DNBSEQ-T7. 20 

[0069] In one example, the plurality of sequencing library is qualified using the Agilent High 

Sensitivity DNA Screentape and quantified using KAPA Library Quantification Kit. In one 

example, the plurality of sequencing library is qualified by determining the size profile of the 

sequencing library which if successful will have a typical size profile of multiple prominent 

peaks greater than 200 base pairs (for example, as shown in Fig. 15).  25 

[0070] Subsequently, a plurality of consensus reads is derived from each sequence of the 

plurality of sequencing reads obtained from step (f), as disclosed in step (g) of the first aspect.  

[0071] In one example, step (g) of the first aspect further comprises: 

(g)(I) detecting the presence of the barcode sequence from each sequencing read, 

(g)(II) performing cluster reassignment for the plurality of sequencing reads having the 30 

same barcode sequence to generate a plurality of barcode clusters, wherein each 

barcode cluster contains reads from the same amplicon and with the same 

barcode sequence, and 
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10. The method of the present disclosure uses RNA and not DNA as the sample input for 

detection of genomic alteration events. This allows for detection of genomic alteration 

events that would have been excluded in a typical DNA-based detection assay. 

Examples of such genomic alterations include:  

 Copy number gains in DNA leading to overexpression of RNA;  5 

 Structural rearrangements involving very long introns of two or more genes; 

and 

 Changes in gene expression patterns corresponding to drug response or 

resistance. 

10 

SEQUENCE LISTING

Table of other sequences 

SEQ ID 
NO

Sequence name Sequence 

1 Barcode sequence NNNNNNNNNN
2 Universal indexed forward 

primer 
AATGATACGGCGACCACCGAG 
ATCTACACCTAGCGCTACACT 
CTTTCCCTACACGACGCTCTTCCGATC*T

3 Universal indexed reverse 
primer 

CAAGCAGAAGACGGCATACGA 
GATAACCGCGGGTGACTGGAG 
TTCAGACGTGTGCTCTTCCGATC*T

15 
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CLAIMS 

1. A method of detecting genomic alteration and/or detecting gene expression and/or 

quantifying a level of gene expression using RNA in a biological sample, comprising:  

(a) extracting RNA from the biological sample and converting the RNA to complementary 

DNA (cDNA);  5 

(b) performing a plurality of multiplexed PCR reactions on the converted cDNA using   

(I) a plurality of forward and reverse primer pairs specific to a plurality of target 

genes that are capable of undergoing genomic alteration,  

 wherein each forward primer of the plurality of forward and reverse primer pairs 

specific to the plurality of target genes that are capable of undergoing genomic 10 

alteration is complementary to a sequence located about 50 base pairs upstream 

of an exonic junction of each target gene that is capable of undergoing genomic 

alteration,  

 

 wherein each reverse primer of the plurality of forward and reverse primer pairs 15 

specific to the plurality of target genes that are capable of undergoing genomic 

alteration is complementary to a sequence located about 50 base pairs 

downstream of an exonic junction of each target gene that is capable of 

undergoing genomic alteration, that is the same or different from the exonic 

junction targeted by the forward primer,    20 

 

wherein each reverse primer of the plurality of forward and reverse primer pairs 

specific to the plurality of target genes that are capable of undergoing genomic 

alteration comprises a barcode sequence on its 5’ end, wherein the barcode 

sequence of each reverse primer corresponding to each target gene that is 25 

capable of undergoing genomic alteration is different, and/or 

(II) a plurality of forward and reverse primer pairs specific to a plurality of control 

housekeeping genes, wherein: 

(i) each forward primer of the plurality of forward and reverse primer pairs 

specific to the plurality of control housekeeping genes is complementary 30 

to a sequence spanning an exon-exon junction of each control 

housekeeping gene,  
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wherein each reverse primer of the plurality of forward and reverse 

primer pairs specific to the plurality of control housekeeping genes is 

complementary to a sequence about 100 base pairs downstream of the 

sequence spanning the exon-exon junction of each control housekeeping 

gene,  5 

wherein each reverse primer of the plurality of forward and reverse 

primer pairs specific to the plurality of control housekeeping genes 

comprises a barcode sequence on its 5’ end, wherein the barcode 

sequence of each reverse primer corresponding to each control 

housekeeping gene is different; 10 

(ii) each reverse primer of the plurality of forward and reverse primer pairs 

specific to the plurality of control housekeeping genes is complementary 

to a sequence spanning an exon-exon junction of each control 

housekeeping gene, 

 15 

wherein each forward primer of the plurality of forward and reverse 

primer pairs specific to the plurality of control housekeeping genes is 

complementary to a sequence about 100 base pairs downstream of the 

sequence spanning the exon-exon junction of each control housekeeping 

gene,  20 

 

wherein each reverse primer of the plurality of forward and reverse 

primer pairs specific to the plurality of control housekeeping genes 

comprises a barcode sequence on its 5’ end, wherein the barcode 

sequence of each reverse primer corresponding to each control 25 

housekeeping gene is different; or 

 

(iii) each forward and each reverse primer of the plurality of forward and 

reverse primer pairs specific to the plurality of control housekeeping 

genes is complementary to consecutive sequences spanning an exon-30 

exon junction of each control housekeeping gene, 
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wherein each reverse primer of the plurality of forward and reverse 

primer pairs specific to the plurality of control housekeeping genes 

comprises a barcode sequence on its 5’ end, wherein the barcode 

sequence of each reverse primer corresponding to each control 

housekeeping gene is different, and/or  5 

(III) a plurality of primer sets specific to a plurality of target genes related to 

protein expression, 

 wherein each primer set comprises a plurality of forward and reverse primer 

pairs specific to each target gene related to protein expression, wherein: 

(i) each forward primer of the of the plurality of forward and reverse primer 10 

pairs specific to each target gene related to protein expression is 

complementary to a sequence spanning an exon-exon junction of each 

target gene related to protein expression,  

 

wherein each reverse primer of the of the plurality of forward and 15 

reverse primer pairs specific to each target gene related to protein 

expression is complementary to a sequence about 100 base pairs 

downstream of the sequence spanning the exon-exon junction of each 

target gene related to protein expression, 

 20 

wherein each reverse primer of the plurality of forward and reverse 

primer pairs specific to each target gene related to protein expression 

comprises a barcode sequence on its 5’ end, wherein the barcode 

sequence of each reverse primer corresponding to each target gene 

related to protein expression is different,  25 

 

(ii) each reverse primer of the plurality of forward and reverse primer pairs 

specific to the plurality of target genes related to protein expression is 

complementary to a sequence spanning an exon-exon junction of each 

target gene related to protein expression, 30 

 

wherein each forward primer of the plurality of forward and reverse 

primer pairs specific to the plurality of target genes related to protein 

expression is complementary to a sequence about 100 base pairs 
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downstream of the sequence spanning the exon-exon junction of each 

target gene related to protein expression, 

 

wherein each reverse primer of the plurality of forward and reverse 

primer pairs specific to the plurality of target genes related to protein 5 

expression comprises a barcode sequence on its 5’ end, wherein the 

barcode sequence of each reverse primer corresponding to each target 

gene related to protein expression is different; or 

 

(iii) each forward and each reverse primer of the plurality of forward and 10 

reverse primer pairs specific to the plurality of target genes related to 

protein expression is complementary to consecutive sequences spanning 

an exon-exon junction of each target gene related to protein expression, 

 

wherein each reverse primer of the plurality of forward and reverse 15 

primer pairs specific to the plurality of target genes related to protein 

expression comprises a barcode sequence on its 5’ end, wherein the 

barcode sequence of each reverse primer corresponding to each target 

gene related to protein expression is different,  

thereby generating a plurality of amplicons;  20 

(c) purifying the plurality of amplicons from step (b); 

(d) amplifying the purified product from step (c) by using universal indexed adapter 

primers to generate a sequencing library; 

(e) purifying the sequencing library obtained from step (d); 

(f) subjecting the purified sequencing library from step (e) to multiplex sequencing on a 25 

next-generation sequencing platform to obtain a plurality of sequencing reads; 

(g) deriving a consensus read of each sequence from the plurality of sequencing reads 

obtained from step (f);  

(h) performing a sequence alignment of the consensus read obtained from step (g) to a 

reference genome,  30 

(I) if the sequence alignment results in a partial alignment to the reference genome 

of an exon from a first gene and a partial alignment to the reference genome of 

an exon from a second gene, then: 

(i)  determining the sequence alignment as a split read,  
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(ii) counting/enumerating the number of split reads from step (h)(I)(i) that 

supports a fusion junction, and 

(iii) if the number of split reads from step (h)(I)(ii) is two or more, then 

determining the first gene and the second gene as fusion partners, 

(II) if the sequence alignment results in an alignment to the reference genome of the 5 

control housekeeping gene, then:  

(i)  determining the sequence alignment as a consensus read of the control 

housekeeping gene, 

(ii) counting/enumerating consensus read pairs of the control housekeeping 

gene from step (h)(II)(i), and  10 

(iii) determining the level of gene expression of the control housekeeping 

gene, 

(III) if the sequence alignment results in an alignment to the reference genome of the 

target gene related to protein expression,  

(i) determining the sequence alignment as a consensus read of the target 15 

gene related to protein expression, 

(ii) counting/enumerating consensus read pairs of the target gene related to 

protein expression from step (h)(III)(i), and 

(iii) determining the level of gene expression of the target gene related to 

protein expression; 20 

(i) determining presence or absence of the genomic alteration and/or determining presence 

or absence of the gene expression and/or quantifying the level of the gene expression 

based on the sequence alignment from step (h).   

 

2. The method of claim 1, wherein the RNA is selected from the group consisting of cell-25 

free RNA (cfRNA) and RNA encapsulated within tissues and/or cells. 

 

3. The method of claim 1 or 2, wherein the biological sample is selected from the group 

consisting of a liquid sample, a tissue sample, and a cell sample  

 30 

4. The method of claim 3, wherein the liquid sample is a bodily fluid, wherein optionally 

the bodily fluid is selected from the group consisting of blood, bone marrow, cerebral 

spinal fluid, peritoneal fluid, pleural fluid, lymph fluid, ascites, serous fluid, sputum, 

lacrimal fluid, stool, urine, saliva, ductal fluid from breast, gastric juice and pancreatic 



55 

 

juice, wherein optionally the bodily fluid is blood, and wherein optionally the blood is 

plasma.  

 

5. The method of claim 3, wherein the tissue sample is a frozen tissue sample or a fixed 

tissue sample, and wherein optionally the fixed tissue sample is a Formalin-Fixed 5 

Paraffin-Embedded (FFPE) tissue sample. 

  

6. The method of any one of claims 1 to 5, wherein the biological sample is to be obtained 

from a subject having or suspected of having cancer.  

 10 

7.  The method of claim 6, wherein the cancer is selected from the group consisting of 

leukemia, lung cancer, colorectal cancer, breast cancer, pancreatic cancer, prostate 

cancer, nasopharyngeal cancer, liver cancer, cholangiocarcinoma, esophageal cancer, 

urothelial cancer, and gastrointestinal cancer.  

 15 

8.  The method of claim 6 or 7, wherein the cancer is selected from the group consisting 

of metastatic prostate cancer, metastatic lung cancer, metastatic breast cancer, and 

leukemia.  

 

9. The method of any one of claims 1 to 8, wherein the amount of RNA used in step (a) is 20 

from 6 ng to 100 ng.   

 

10. The method of any one of claims 1 to 9, wherein step (a) is performed using a reverse 

transcription kit, wherein the reverse transcription kit comprises a buffer for performing 

reverse transcription, a reverse transcriptase enzyme and a plurality of random primers. 25 

 

11. The method of any one of claims 1 to 10, wherein the plurality of multiplexed PCR 

reactions performed on the converted cDNA comprises 3 to 15 PCR cycles.  

 

12. The method of any one of claims 1 to 11, wherein the barcode sequence is an 30 

oligonucleotide comprising 10 to 16 random nucleotides.  

 

13. The method of any one of claims 1 to 12, wherein the barcode sequence is an 

oligonucleotide comprising 10 random nucleotides. 
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14. The method of any one of claims 1 to 13, wherein the target gene that is capable of 

undergoing genomic alteration comprises an exon from a gene known to undergo fusion 

fused to an exon from a partner gene of the gene known to undergo fusion.  

 

15. The method of claim 14, wherein the gene known to undergo fusion is selected from 5 

the group consisting of ALK receptor tyrosine kinase, RET proto-oncogene, ROS 

proto-oncogene 1, fibroblast growth factor receptor 1 (FGFR1), fibroblast growth factor 

receptor 2 (FGFR2), fibroblast growth factor receptor 3 (FGFR3), neurotrophic 

receptor tyrosine kinase 1 (NTRK1), neurotrophic receptor tyrosine kinase 2 (NTRK2), 

neurotrophic receptor tyrosine kinase 3 (NTRK3), neuregulin 1 (NRG1), B-Raf proto-10 

oncogene, serine/threonine kinase (BRAF), transmembrane serine protease 2 

(TMPRSS2), MET proto-oncogene, receptor tyrosine kinase (MET), epidermal growth 

factor receptor (EGFR), estrogen receptor 1 (ESR1), platelet derived growth factor 

receptor alpha (PDGFRA), androgen receptor (AR), BCR activator of RhoGEF and 

GTPase (BCR), core-binding factor subunit beta (CBFB), lysine methyltransferase 2A 15 

(KMT2A), nucleophosmin 1 (NPM1), PML nuclear body scaffold (PML), and RUNX 

family transcription factor 1 (RUNX1).  

 

16. The method of claim 14, wherein the partner gene of the gene known to undergo fusion 

is selected from the group consisting of EMAP like 4 (EML4), kinesin family member 20 

5B (KIF5B), coiled-coil domain containing 6 (CCDC6), CD74 molecule (CD74), 

transforming acidic coiled-coil containing protein 3 (TACC3), ezrin EZR), ETS 

transcription factor ERG (ERG), ArfGAP with GTPase domain, ankyrin repeat and PH 

domain 3 (AGAP3), A-kinase anchoring protein 9 (AKAP9), KIAA1549, tropomyosin 

3 (TPM3), translocated promoter region, nuclear basket protein (TPR), trafficking from 25 

ER to golgi regulator (TFG), lamin A/C (LMNA), BicC family RNA binding protein 1 

(BICC1), RAD51 recombinase (RAD51), CD47 molecule (CD47), Yes1 associated 

transcriptional regulator (YAP1), ETS variant transcription factor 1 (ETV1), ETS 

variant transcription factor 4 (ETV4), ETS variant transcription factor 5 (ETV5), ETS 

variant transcription factor 6 (ETV6), factor interacting with PAPOLA and CPSF1 30 

(FIP1L1), centriolin (CNTRL), ABL proto-oncogene 1, non-receptor tyrosine kinase 

(ABL1), AF4/FMR2 family member 1 (AFF1), MDS1 and EVI1 complex locus 

(MECOM), MLLT3 super elongation complex subunit (MLLT3), myosin heavy chain 
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11 (MYH11), PBX homeobox 1 (PBX1), retinoic acid receptor alpha (RARA), and 

RUNX1 partner transcriptional co-repressor 1 (RUNX1T1).  

 

17. The method of any one of claims 1 to 16, wherein the number of the plurality of forward 

and reverse primer pairs specific to the plurality of target genes that are capable of 5 

undergoing genomic alteration, the plurality of forward and reverse primer pairs 

specific to the plurality of control housekeeping genes, and the plurality of primer sets 

specific to a plurality of target genes related to protein expression is at least 300.  

 

18. The method of any one of claims 1 to 17, wherein the length of the plurality of 10 

amplicons generated in step (b) is 90 to 110 base pairs. 

 

19. The method of any one of claims 1 to 18, wherein the purification in step (c) and/or (e) 

is performed using a plurality of paramagnetic beads; and wherein optionally the 

paramagnetic beads are selected from the group consisting of AMPure XP beads, SPRI 15 

beads, and dynabeads. 

 

20. The method of any one of claims 1 to 19, wherein step (g) further comprises:  

 (g)(I) detecting the presence of the barcode sequence from each sequencing read, 

(g)(II) performing cluster reassignment for the plurality of sequencing reads having the 20 

same barcode sequence to generate a plurality of barcode clusters, wherein each 

barcode cluster contains reads from the same amplicon and with the same 

barcode sequence, and 

(g)(III) performing consensus calling for each barcode cluster to obtain the consensus 

read of each sequence.  25 

 

21. The method of claim 1-13 and 17-20, wherein the step of determining presence or 

absence of the genomic alteration and/or determining presence or absence of the gene 

expression and/or quantifying the level of the gene expression, further comprises 

performing variant calling of the sequence alignment from step (h). 30 

 

22. The method of claim 21, wherein the step of variant calling comprises: 

(i) identifying differences between a consensus read and a reference genome based on 

the sequence alignment from step (h); and 



58 

 

(ii) determining the read count of sequence alignments comprising genomic alteration.  

  

23. The method of claim 21 or 22, wherein the genomic alteration is selected from the group 

consisting of insertions, deletions, and single nucleotide variants, wherein optionally 

the insertion is a duplication. 5 

 

 

 


