
Application of RNA Sequencing to identify transcriptome 
modification by DCLK1 in Colorectal Cancer Cells

Lianna Li1,*, Hao Mei2,#, Abednego Nii Adom Commey1

1Biology Department, Tougaloo College. 500 West County Line Road, Tougaloo MS 39174

2Department of Data Science, University of Mississippi Medical Center. 2500 North State Street, 
Jackson, MS 39216

Abstract

Doublecortin like kinase 1 (DCLK1) is a cancer stem cell marker for the colorectal cancer (CRC). 

It plays critical roles in the oncogenesis, progression and metastasis of CRC. DCLK1 can be an 

intriguing therapeutic target for CRC treatment. However, the molecular mechanism of how 

DCLK1 functions is unclear currently. In our research, we aim to apply RNA-Sequencing (RNA 

Seq) technology, a high throughput massively Next Generation Sequencing approach, to monitor 

transcriptome changes due to DCLK1 over-expression in the CRC cells. In order to achieve our 

goal, RNA from quadruplicate samples from two clones of isogenic DCLK1 stable over-

expression cells and the parental wild type HCT116 cells was sent for RNA Seq on the Illumina 

NextSeq500 platform. Differentially expressed (DE) genes were evaluated by t-test (P <0.05 and 

fold-change ±1.5 or greater) using two methods: (1) FWER; and (2) Benjamani and Hochberg 

FDR (false discovery rate) which corrects for multiple comparisons. Gene networks and functional 

analysis were evaluated using Ingenuity Pathways Analysis (IPA). We identified 1463 DE genes 

common for both DCLK1 overexpression clone A and clone B cells. IPA results indicated that 72 

canonical pathways were significantly modified by DCLK1 over-expression (P<0.05), among 

which 9 out of the top 10 pathways are involved in the cell cycle regulation, indicating that 

DCLK1 might play its tumorigenesis role via activation of pathways facilitating cell proliferation, 

repression of pathways inhibiting cells proliferation and function against pathways facilitating cell 

apoptosis. Cell cycle analysis results confirmed the IPA findings, which demonstrated that DCLK1 

over-expression cells had much less G0/G1 cells but much more S and G2/M cells (P<0.05). In 

conclusion, DCLK1 over-expression significantly modified transcriptome profile of CRC cancer 

cells. Control of the cell cycle regulation might be one of the critical mechanism for DCLK1 

function. Our findings provide more direct evidence for the development of DCLK1 as a 

therapeutic target for CRC treatment, and will be of great benefit for the discovery of novel 

therapeutic target within the DCLK1 molecular network for the treatment of colorectal cancer 

patients.
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Background Introduction

Colorectal cancer (CRC) is the third most common cancer diagnosed and the second leading 

cause of cancer-related deaths in the United States (http://www.cdc.gov/cancer/colorectal/

statistics/). Though more chemotherapeutic drugs have been developed, there were still 50% 

of patients relapsed after surgical and died of metastatic disease due to development of the 

multiple drug resistance 1. Effect of the same drug varies significantly among different 

patients since the heterogeneous properties of the CRC. The cancer stem cells (CSCs), 

which account for 0.05–1% of the tumor mass but can give rise to all of the cell types in the 

tumor 2, are believed to be able to survive after the chemotherapy. CSCs have been identified 

in several solid tumors, including CRC. So targeting CSCs for the treatment of CRC attracts 

a considerable interest. However, the biggest challenge is how to distinguish CSCs from the 

normal stem cells since they share most of the stem cell marker proteins. Several specific 

putative markers have been identified for the stem cell populations in the gastrointestinal 

tract, including doublecortin-like kinase 1 (DCLK1, also known as KIAA0369 3 or 

DCAMKL14).

DCLK1 was identified as a specific marker for CSCs in the intestine 5. Up-regulated 

expression of DCLK1 was found in several solid tumors of the digestive system, including 

CRC5–12, esophageal cancer13, 14, pancreatic cancer15–18, and liver cancer19–21. Up-

regulation of DCLK1 facilitates colorectal tumorigenesis by enhancing pluripotency of the 

intestinal epithelial cells and epithelial mesenchymal transition (EMT) in the mice8, and 

over-expression of DCLK1 significantly increased the incidence of intestinal polyps 

compared to the normal control mice5. When DCLK1 expression was specifically 

knockdown, fewer polyps and decreased dysplasia were observed8 and when DCLK1+ cells 

were specifically targeted in the developed polyps, the cancer stem cells died and the 

established polyps were rapidly collapsed5. So DCLK1 plays critical roles in the 

oncogenesis, progression, invasion and metastasis of CRC. Several DCLK1 downstream 

targets have been identified, including EMT markers ZEB1, ZEB2, SNAIL, SLUG, 

pluripotency markers OCT4, SOX2, NANOG, KLF4, and pro-oncogene cMYC, Notch-1 

and KRAS. DCLK1 may play its tumorigenesis and invasion role via modulation of 

microRNA pathways, in which EMT inhibitors miR-200a and let-7a, miR-145 and miR-144 

were inhibited 15, 20, 22, 23. miR-137 12, miR-163 21 and miR-539 24 were demonstrated to 

be the negative regulator of DCLK1. However, how DCLK1 play its diverse functions inside 

the molecular network of CRC cells is not clearly understood.

In the current research, we applied the RNA-Sequencing (RNA Seq), which is a powerful 

high throughput approach using the next-generation sequencing (NGS) to reveal how 

DCLK1 modified the transcriptome of the CRC cells, aiming to establish the molecular 

network of DCLK1 inside the CRC cells. Our results demonstrated that DCLK1 changed the 

transcriptome of the CRC cells significantly, and multiple critical pathways were modified 

by DCLK1 overexpression, which indicates that DCLK1 may become a novel therapeutic 

target for the more effective treatment of CRC patients.
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Materials and Methods

Cell lines and cell culture:

Human colorectal carcinoma cell line HCT116 cells were purchased from ATCC and were 

maintained in McCoy’s 5A medium (ATCC® 30–2007™) supplemented with 10% FBS in 

37 °C incubator with 5% CO2. Isogenic DCLK1 over-expressed cells were established by 

transfecting human DCLK1 variant 1 cDNA, which is fused with a turboGFP gene at C-

terminal (OriGene, Cat # RG217050) into HCT116 cells. In order to avoid the clonal 

variance, different clones were selected. Control HCT116 cells were established by 

transfecting pCMV6-AC-GFP Tagged Cloning Vector (Origene, Cat # PS100010) into 

HCT116 cells. Both DCLK1 over-expressed cells and control HCT116 cells were selected 

(400ug/ml) and maintained (250ug/ml) using Geneticin.

RNA isolation:

Quadruplicate snap frozen samples of control HCT116 cells and DCLK1 over-expressed 

cells from two clones were delivered to the Molecular and Genomics Core at University of 

Mississippi Medical Center. Total cellular RNA was extracted using Trizol® reagent 

(Invitrogen, Carlsbad, CA) and purified using PureLink™ RNA Mini Kit (Invitrogen, 

Carlsbad, CA). RNA concentrations were determined by Nano Drop. Quality and integrity 

of the extracted RNA were assessed using Bio-Rad Experion System. Samples were 

normalized to specific concentration and stored in −80°C for future use.

RNA sequencing (RNA-Seq):

RNA samples that pass quality parameters (minimum concentration and size range) were 

used to develop RNA libraries using the TruSeq Stranded Total RNA with Ribo-Zero Kit, 

Set A (FC-122–2501, San Diego, CA) according to manufacturer’s instructions. Each 

sample is prepared using 1 µg total RNA. The resulting cDNA libraries were quantified 

using the Qubit system (Invitrogen, Carlsbad, CA) and checked for quality and size using 

the Experion DNA 1K chip (BioRad, Hercules, CA). The fragment size generated library 

was ranging from 220 to 500 bps with a peak at ~250 bps. A portion of each library was 

diluted to 10 nM and stored at −20°C. 10 µL of 1.2–1.8 nM libraries was diluted and 

denatured. The libraries were sequenced using NextSeq500 High Output Kit (300 cycles- 

PE100) on Illumina NextSeq500 platform. The sequencing reads were automatically 

uploaded and evaluated for quality control using Illumina BaseSpace Onsite Computing 

platform.

Bioinformatics analysis:

Fastq sequence files generated from the Illumina NextSeq500 sequencer were used for 

preliminary analysis using applications available on BaseSpace Onsite/ Cloud Computing 

platform, including TopHat Alignment (read mapping to reference genome-USCS-hg19/ 

RGSC 6.0/rn6, GRCm38/mm10, etc.) and Cufflinks Assembly & DE (assembly of novel 

transcripts and differential expression). Additional analysis were performed using 

commercially available GeneSifter™ software platform (http://www.genesifter.net).
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Ingenuity Pathways Analysis (IPA):

Gene networks and functional analysis were evaluated through the use of IPA software 

(Ingenuity® Systems, https://www.qiagenbioinformatics.com/products/ingenuity-pathway-

analysis/). Briefly, significantly differentially expressed annotated genes common to both 

DCLK1 over-expressed clones, which demonstrated same changing direction, i.e., decrease 

or increase in both clones, were uploaded to IPA for core analysis. Top canonical pathways 

modified by DCLK1 over-expression, upstream regulators of DCLK1, etc. wereanalyzed.

Quantitative real time polymerase chain reaction [(q)RT-PCR]:

Total cellular RNA was isolated using the RNeasy Mini Kit (Qiagen, Valencia, CA) 

according to the manufacturer’s instructions from the HCT116 control cells and the DCLK1 

over-expression cells. First strand cDNA was generated using the Reverse Transcription 

System (Promega, Madison, WI) according to the manufacturer’s instruction. (q)RT-PCR 

was carried out on the Mx3005P™ thermocycler from Stratagene using the 2x Brilliant II 

SYBR Green QPCR master mix (Agilent, Santa Clara, CA) according to the manufacturer’s 

instruction with some modifications. Briefly, 5 µL cDNA from reverse transcription PCR 

was added to a 25 µL reaction. Primers for human RPS4Y1, DDX3Y, KDM5D, RGS4, 

SYTL5, and BMP4 were listed in Table 1. Beta-actin was used as an internal control and 

2-ΔΔCt 25 approach was applied to analyze the data.

Fluorescence-activated cell sorting (FACS) and cell cycle analysis.

HCT116 cells and DCLK1 over-expression cells were plated at 2 × 10^6 cells per T75 flask 

and cultured in the 10%FBS McCoy5A medium for 24 hours. To synchronize cells at G0/G1 

phase of cell cycle, the 10% FBS culture medium was replaced with serum-free medium. 

After serum starvation for 24 hours, the serum free medium was replaced with the 

McCoy5A medium containing 10% FBS and cells were cultured for 24 hours. Then cells 

were harvested and prepared for FACS and cell cycle analysis according to the BD online 

protocol with modifications (https://www.bdbiosciences.com/us/resources/s/detectionki67). 

Briefly, cells were fixed in 5 ml cold 70% - 80% ethanol, and incubated at −20°C for at least 

2 hours. Then cells were washed 3X with 15mL staining buffer (1X PBS with 1% FBS, 

0.09% sodium azide). After washing, cells were diluted in the staining buffer at 1X10^7 / 

mL. Transferred 1X10^6 cells (100uL) into according sample tubes, and cells were 

processed with no stain control, stained with ki-67 (Invitrogen# 17–5699-42 Anti-Hu Ki-67 

Clone 20 Raj1, APC – eBioscience) only, ViaProbe (BD#555815 Via-Probe Cell Viability 

Solution (7-AAD)) only, or ki-67 and ViaProbe double stain. After 30 minutes incubation 

(unstained control and ViaProbe only samples on ice, and others at room temperature), cells 

were washed 2 times with staining buffer, then diluted in 500µL staining buffer, where 20uL 

ViaProbe was added to the ViaProbe and double stained samples. Incubate 10min at RT in 

the dark and proceeded to flow analysis on the BD LSRFortessa Cell Analyzer.

Statistical analysis:

Differentially expressed genes were evaluated by t-test [P<0.05 and fold-change ±1.5 or 

greater] using two methods: (1) FWER; and (2) Benjamani and Hochberg FDR (false 

discovery rate) which corrects for multiple comparisons.
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Results

DCLK1 over-expression was confirmed in the isogenic DCLK1 over-expression clones, and 

two clones were selected (Clone_A and B, Supplemental Figure S1). Cells were plated as 

quadruplicate samples for RNA-Seq. Total cellular RNA were extracted with high quality 

from HCT116 wild type cells and the two DCLK1 over-expression cells (Supplemental 

Table S1). High quality cDNA libraries were achieved and used for RNA sequencing.

RNA Sequencing and transcripts assembly:

All 12 samples yielded high quality RNA sequencing data with reading length of 101bp per 

reads with Q score of %>=Q30 above 85% (Supplemental Figure S2). Number of reads 

ranged from 43,090,698 to 61,861,398 per sample, with an average of 52,476,048 reads per 

sample (Supplemental Table S2). An average of 50% of the Alignment distributed in the 

coding region, 30% in the untranslated region, 16% in the intron region and 4% in the 

intergenic region (Supplemental Figure S3).

Differentially expressed (DE) gene analysis:

Cufflinks assembly and DE gene analysis identified 3497 significantly DE genes when 

compared genes identified in the DCLK1 over expressed clone A cells to those in the 

HCT116 wild type cells with log2(DCLK-A FPKM vs WT FPKM) ranging from −15.67 to 

14.88 (6.68E-04<q<4.99E-02), among which 2770 are unique annotated genes. There are 

5274 significantly DE genes when compared genes identified in the DCLK1 over expressed 

clone B cells to those in the HCT116 wild type cells with log2(DCLK-B FPKM vs WT 

FPKM) ranging from −15.65 to 8.62 (4.16E-04<q<5.00E-02), among which 4197 are unique 

annotated genes (Figure 1). Differential Expression Heatmap from Cufflinks Assembly & 

differential expression gene analysis demonstrated that most of the DE genes from 

quadruplicates of the same cell type clustered more closely compared to the other cell type 

(Figure 2). When compared the significantly DE genes from clone A and B, there are 1463 

common genes that are unique annotated for both clones, among which 1011 genes 

demonstrated the same changing direction (Figure 1). The top 20 annotated genes common 

to both clones which were up-regulated due to DCLK1 over expression were shown in Table 

2, and which were down-regulated were shown in Table 3. RPS4Y1, DDX3Y and KDM5D 

were selected as examples of the down-regulated genes, and RGS4, SYTL5, and BMP4 as 

the up-regulated genes for confirmation using (q)RT-PCR. All of the genes examined were 

significantly differently expressed in the DCLK1 over-expression cells compared to the wild 

type cells (P<0.05), which confirmed the RNA-Seq findings (Figure 3).

Modification of canonical pathways due to DCLK1 over-expression:

IPA analysis identified 72 canonical pathways which were significantly modified by DCLK1 

over-expression (P<0.05). According to the Z score, except for the pathways which cannot 

predict the activity according to the knowledge database, 13 pathways were inhibited and 18 

were activated. The most intriguing pathways which are modified by DCLK1 are those 

which play critical roles in regulating cell proliferation (Figure 4), which actively interact 

with each other to regulate cell proliferation (Figure 5). Several pathways which involves in 

enhancing cell proliferation are activated, including the cyclins and cell cycle regulation 
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pathway, the mitotic roles of polo-like kinase pathway, the estrogen-mediated S-phase entry 

pathway, etc., and some pathways which involves in repressing cell proliferation are 

inhibited, such as the cell cycle: G2/M DNA damage checkpoint regulation pathway and the 

role of CHK proteins in cell cycle checkpoint control pathway. Expression of multiple genes 

involved in the regulation of the same pathway demonstrated coordinated pattern. Using 

genes function in the cyclins and cell cycle regulation pathway as an example, multiple 

cyclins, cyclin dependent kinases (CDK), CDK inhibitors, and the key cell cycle regulators 

E2F, which are involved in promoting cell proliferation were up-regulated significantly, and 

HDAC9, which involved in the inhibition of cell cycle was significantly repressed (Figure 

6). Genes in the other pathways demonstrated similar pattern. So it’s most likely that 

through activating pathways facilitating cell proliferation and inhibiting pathways arresting 

cell proliferation, DCLK1 modifies the cell proliferation rate and results in tumorigenesis of 

CRC. Our cell cycle analysis results confirmed the scenario (Figure 7). DCLK1 over-

expression cells demonstrated significantly much less cells in the G0/G1 phase, but much 

more cells in the S and G2 phase compared to the control HCT116 cells(P<0.01).

Conclusion and Discussion

Our results demonstrated that DCLK1 over-expression significantly modified transcriptome 

profile of CRC. 1463 genes common to both DCLK1 over-expression Clone_A and 

Clone_B were identified to be significantly differentially expressed, and 72 canonical 

pathways were significantly modified by DCLK1 over-expression. Control of multiply 

critical biological pathways which are involved in the regulation of cell proliferation might 

be one of the critical underlying molecular mechanisms for DCLK1 to play its function 

during oncogenesis, progression, invasion and metastasis of CRC. Moreover, our previous 

findings also demonstrated that DCLK1 significantly increased the chemoresistance of CRC 

cells to 5-Fu treatment 26. Therefore, DCLK1 can be developed as a novel therapeutic target 

for the treatment of colorectal cancer.

Growth out of control is one of the most basic properties for all cancer cells. Numerous 

oncogenic genes play their roles through manipulation of the cell cycle regulation, i.e., 

promoting cell proliferation without cell cycle check point regulation. Correlation of 

DCLK1 and cell cycle regulation has not been well understood. Deng et al 24 identified that 

miR-539, a tumor suppressor microRNA, promotes cell cycle arrest in G0/G1 phase by 

directly inhibition of DCLK1 in non-small cell lung cancer (NSCLC). With DCLK1 over-

expressed, the cell cycle arrest effect of miR-539 was cancelled. When LRRK2-IN-1, a 

DCLK1 kinase inhibitor, was applied to the colorectal cancer cells and pancreatic cancer 

cells, cells were induced to be arrested in the S, G1 and G2/M phase, indicating that DCLK1 

might be involved in promoting cell proliferation by regulating multiple check points during 

the cell cycle regulation 27. Our pathway analysis demonstrated that DCLK1 over-expression 

significantly activated several pathways which involves in enhancing cell proliferation, 

including the cyclins and cell cycle regulation pathway, the ATM signaling pathway, the 

mitotic roles of polo-like kinase pathway, the Aryl Hydrocarbon Receptor Signaling 

pathway, the estrogen-mediated S-phase entry pathway, etc., and some pathways which 

involves in repressing cell proliferation are highly inhibited, such as the cell cycle: G2/M 
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DNA damage checkpoint regulation pathway and the role of CHK proteins in cell cycle 

checkpoint control pathway.

Cyclins and cyclin-dependent kinases, together with tumor suppressors P53 and Rb 

accurately and precisely control cell proliferation under normal conditions. However, when 

balance among these control factors inside the cell is disturbed and favors out of control 

growth of the cell, tumorigenesis will be the inevitable consequence, and multiple 

chemotherapeutic drugs have been developed which through inhibition of the CDKs activity 

to induce cancer cell apoptosis 28, 29. ATM is a multiple functional key factors during 

oncogenesis of multiple tumors. It regulates cell cycle checkpoints and its activation is 

required for DNA double strand break repair 30, and it is correlated with increased 

chemoresistance and radioresistance 31. The polo-like kinase is required for proper mitosis 

procedure inside the cell. Without normal functional polo-like kinase, the chromosomes 

cannot align up on the metaphase plate and the mitotic spindle cannot be properly formed, 

so mitosis cannot happen. Polo-like kinase is up-regulated in multiple cancers, including 

colorectal cancer 32 and it increases chemoresistance of colorectal cancer cells to oxaliplatin 
33. Aryl hydrocarbon receptor (AhR) is a cytosolic, ligand-activated receptor and it plays 

crucial roles in maintain cellular homeostasis. By binding to different ligands, it functions in 

the oncogenesis, progression and metastasis of multiple cancers, including colorectal cancer, 

and multiple chemotherapeutic drugs targeting AhR have been developed 34. Suppression of 

immune recognition of cancer cells might be one of the major molecular mechanism applied 

by AhR 35. Estrogen belongs to the steroid hormone family and by binding to the estrogen 

receptor-α (ERα), it up-regulates expression of Myc and cyclin D1, which in turn activate 

cycline E and CDK2 complex and facilitating transition from G1 to S phase. Normally 

estrogen does not induce DNA damage, but it does required for cell prolifereation 36. 

Correlation between DCLK1 and all of the above pathways was not revealed previously, 

except that it was reported in the tuft cells, ATM activation in responding to DNA damage is 

DCLK1 dependent 37. Our pathway analysis using the RNA Seq data first clearly identified 

that DCLK1 can activate the above mentioned critical pathways, which may contribute to 

the initiation, progression, invasion and metastasis, and chemoresistance of CRC.

Moreover, G2/M DNA damage checkpoint regulation pathway and the role of CHK proteins 

in cell cycle checkpoint control pathway were significantly repressed by DCLK1. 

Checkpoints during cell cycle allow DNA repair and prevent cells with damaged DNA to 

proliferate. They are pivotal for the induction of cell apoptosis and prevention of 

oncogenesis 38. CHK proteins, which are checkpoint kinases, are responsible to keep the 

integrity of cellular DNA. More important for the p53-defficient cells, which can pass the 

G1/S checkpoint, CHK proteins can induce cell cycle arrest at S and G2/M phase 39. With 

defect checkpoint regulation and CHK proteins, cells will be at much higher risk for tumor 

formation 40. Our results demonstrated that with DCLK1 over-expression, the critical cell 

checkpoint responding to DNA damage is repressed. The CRC cells can go through cell 

proliferation without efficient checkpoint regulation, which benefit tumor growth and also 

survival of CRC cells after chemotherapy treatment.

In conclusion, DCLK1 over-expression significantly changes the transcriptome profile of 

human CRC cells. Multiple canonical pathways are modified, which favor tumorigenesis, 
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progression, invasion and metastasis, and chemoresistance of CRC. RNA-Seq is a powerful 

high throughput approaches and when combined with diverse bioinformatics tool, it can be 

successfully applied to reveal whole genome profile of cells. Currently, we only confirmed 

that with over-expression of DCLK1, the cell cycle was modified significantly. In the future 

experiment, in order to further confirm function of DCLK1 in the regulation of cell cycle, 

cells with transient knockdown of DCLK1 expression or isogenic cells with DCLK1 

knockout will be used to determine the cell proliferation rate compared to the wild type 

cells, and cell cycle analysis will be applied to see whether without DCLK1 expression, 

distribution of the cells in the cell cycle will be affected. RNA Seq technology will be 

applied to determine the transcriptome change with knockdown/knockout of DCLK1 gene 

expression. With this data, it will be more convincible about functions of DCLK1 in the 

regulation of multiple critical pathways. Combined with its role in the chemoresistance, 

DCLK1 can be development into an intriguing therapeutic target for human CRC treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Differentially expressed(DE) unique annotated genes identified in the isogeneic DCLK1 
over-expression cells compared to the HCT116 wild type cells.
Numbers of unique annotated DE genes to each DCLK1 over-expression clone, common DE 

genes to both clones, and common genes with different expression pattern were identified.
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Figure 2. Differential Expression Heatmap from Cufflinks Assembly & differential expression 
gene analysis.
A. HCT116 wild type cells (WT) compared to the DCLK1 over expression clone_A. B. WT 

cells compared to the DCLK1 over expression clone_B.
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Figure 3. qRT-PCR validation of exampled differentially expressed(DE) genes identified by 
RNA-Seq.
3A. DE genes which are down-regulated. 3B. DE genes which are up-regulated. Expression 

of Genes of interest were normalized to GAPDH before comparing to the wild type (WT) 

cells. Data was expressed as mean±SEM from 3 independent experiments. All of the genes 

expressed in the DCLK1_Clone_A (DCLK1_A) and DCLK_Clone_B (DCLK1_B) were 

significant different compared to the WT cells (P<0.05, two-sided student t test). NoCt: no 

expression can be detected.
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Figure 4. Top ten canonical pathways modified by DCLK1 over expression.
1011 differentially expressed genes which were common to both of the two DCLK1 over-

expression clones and demonstrated consistent changing were used for Ingenuity Pathways 

Analysis.
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Figure 5. 
Overlapping canonical pathways modified by DCLK1 over-expression which play critical 

roles in the regulation of cell proliferation.
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Figure 6. Heatmap of genes involved in the cyclins and cell cycle regulation pathway.
CCN: cyclin; CDK: cyclin dependant kinase; CDKN: cyclin dependant kinase inhibitor; 

E2F: E2F transcription factor; HDAC: histone deacetylase
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Figure 7. Cell cycle analysis of HCT116 wild type (WT) and DCLK1 isogeneic cells using FACS.
7A: WT cells; 7B: DCLK1 Clone_A cells; and 7C: DCLK1 Clone_B cells. 7D: 
Quantitation of cell cycle analysis from 7A, B and C.
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