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Introduction of Vitality® phrGFP II - I Vector into Mouse Myeloma NSO Cells 

Sorting of High Producer Clones using ClonePix™



Problem Statement & Objectives

1)

2

2)
3)

To determine the integration site (hotspot) for a transgene in the mammalian cell 
in which could enhance recombination protein expression.
To characterize the flanking region of the integration site.
To biochemically characterize the interaction between the matrix attachment 
region’s binding proteins with the genome

Hotspot regions in the genome that permit integration of transgene share common properties 
in their sequences such as conserved regions or protein binding sites. In this study we 
intended :



Research Flowchart

Ji.

(

E3

I

3

Transformation of phrGFP 11-1“ into F. coli for propagation.

Transfection of the linearized phrGFP II - 1“ into mammalian cell.

Clonal selection for the positive clones.

ClonePix to sort out high producer clones.

Mapping of transgene flanking region via genome walking.

Virtual walking up to 100 Kb via NCBI.

1i

Perform DNA cloning and sequencing. Sequence analysis via Clustal W 
and BLAST to identify the hotspot.

Functional characterisation of sequences using bioinformatics tools to 
determine the presence of Matrix Attachment Regions (MARs).

In vitro biochemical characterisation using 
Chromatin Immunoprecipitation Assay.



Findings & Research Results

Introduction of Vitality® phrGFP II - I Vector into Mouse Myeloma NSO Cells

4

Transfection was done using FuGENE® HD Transfection Reagent (Roche, USA) with 
some modifications to the manufacturer’s protocol. Transfection was carried out in 6 - well 
plates with 3 x 105 cells/ml in each well. After transfection was done, cells were transferred 
to T - 25 flasks, resuspended with growth media with antibiotic selection and checked under 
microscope every day. Mouse myeloma NSO cells are semi - adherent cells. As so, the cells 
will naturally adhere at the surface of the flask. Although some of the viable cells will also be 
suspended in the media, all of the non - viable cells will be suspended in the media. Figure 1 
depicts the viable and non - viable cells one week after transfection. As the flasks were 
checked every day, it was observed that cells in the negative control flasks gradually died off 
as each day passed. This is because cells in negative control flasks were not inserted with the 
Vitality® phrGFP II - I vector which contains an antibody resistance gene.

Figure 1 : The left image represents the non - viable cells from the negative control and the 
right image represents a mixture of viable and non - viable cells from transfection (under 10* 
magnification). Viable cells are assumed to be transfected following the death of all the cells 
in the negative control flasks.
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Figure 2 : Transfected cells imaged under fluorescent microscope (10 x magnification).

Figure 3 : Transfected cells imaged under fluorescent microscope (40 x magnification).
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Sorting of High Producer Clones using ClonePix™

In this study, ClonePix™ FL was used to pick for high - producing clones. Each of 
the Genetix PetriWell - 6 plates was first screened under white light and subsequently under 
FITC exposure at 200 milliseconds. Figure 4 represents colonies that were screened under 
white light and FITC exposure using ClonePixrM FL. Colonies that were shown under white 
light are the total number of colonies which grow in the well, whereas colonies that were 
shown under FITC exposure are the colonies which are integrated with GFP gene. Each of 
the colonies shown under FITC exposure has different intensity of FITC intensity. From the 
two images taken under white light and FITC exposure, colonies which are integrated with 
the GFP gene can be distinguished from the colonies that are not integrated with the GFP 
gene. After high - producing clones were picked and transferred to 96 well plate, the 
colonies that are able to grown in the 96 well plate were then scaled up and expanded by 
transferring the clones to 24 well plate, 6 well plate, T - 25 and T - 75 flasks. While clones 
were in T - 75 flasks, they were seeded into semi - solid media once again and screened 
using ClonePix™ FL to check for its homogeneity/monoclonality. Figure 5 shows the images 
of the second round of screening for randomly selected clones. All of the colonies that were 
imaged under white light were also seen to be imaged under FITC exposure at 200 
milliseconds. From these images, it can be concluded that colonies picked by ClonePix™ FL 
are homogenous or have a clonality of more than 99 %. The stability of clones was 
determined by the fluorescence of GFP. Clones that were not stable were discarded and the 
stable clones were used for subsequent studies. Figure 6 depicts the fluorescent of GFP at 
passage 25 under fluorescent microscope with 10 x magnification. The cells that are shown 
here are still exhibiting fluorescence at passage 25. As so, it can be concluded that the clones 
are stable clones as the cells are still producing GFP.
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Figure 4 : The left diagram represents the colonies of cells imaged under white light. The 
right diagram represents the colonies imaged under FITC exposure. Each green spot imaged 
under FITC exposure represents colonies that are integrated with GFP gene, each with 
different intensity of FITC signal. The comparison images taken under white light and 
fluorescent exposure enables us to directly identify colonies with (red arrows) and without 
(white arrows) the integrated GFP gene.
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Figure 5 : Representative clones in the left diagram were imaged under white light, whereas 
the representative clones in the right diagram were imaged under FITC exposure. These 
representative colonies of cells originated from a single parental which was previously 
picked by ClonePix™ FL and then re - plated into 96-well plate. The cell populations were 
then screened again by ClonePix™ FL to demonstrate homogeneity. This study proved that 
the ClonePix™ FL picked single parental colony is homogenous or having monoclonality 
of more than 99 %.
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Mapping of Transgene Flanking Region via DNA Walking

1

(
i

9

A total of 3 polymerase chain reactions (PCR) are needed for one cycle of DNA 
walking. The second and third PCR for each DNA walking are nested PCR which involve the

DNA walking was done to map out the transgene flanking region. DNA walking was 
carried out by using DNA Walking SpeedUp™ Premix Kit II (Seegene, Korea) using 
manufacturer’s protocol. Primers were designed based on the sequences of hrGFP with the 
help of Primer3 software and also NCBI Blast. Target - specific primers were designed in 
sets of three primers as DNA walking uses nested polymerase chain reaction (PCR) method. 
Each set of primer was designed in a way that the last primer used for the nested PCR was 
situated approximately 50 - 200 bp from the end of the hrGFP sequence. Each of the primers 
designed was then blasted against NCBI Blast to verify that the primers have no similarities 
to mouse genome before synthesizing the primers.

Figure 6 : Fluorescence of GFP of stable representative clones picked by ClonePix™ 
passage 25 under fluorescent microscope with 10 x magnification.
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nested primers to bind or amplify a secondary target within the first PCR product and 
produce a new PCR product that is shorter than the first product.

It was shown that all clones for Part I DNA walking did not show any bands when 

agarose gel electrophoresis was done. This also includes the positive and negative controls. 
The unavailability of visible bands might be caused by the size of the amplified region. The 
amplified region of Part I DNA walking might be too small in size to be visualised on the 
agarose gel (Seegene Incorporated, 2006). However, after Part I DNA walking products were 

purified and used as template for the Part II DNA walking, visible bands were observed for 
all clones including the positive control, with the exception of negative control. Although 
duplicates were done for each of the clones, there were differences in the length of amplified 
regions for the duplicates. This occurrence is due to the random primers that were used. As 
the random primers are short (4-5 bp) and non - specific, these primers can anneal to any 
region of the genome, thus producing different lengths of amplified regions.

Most of the results from Part III DNA walking did not show any visible bands when 
agarose gel electrophoresis was done, with the exception of positive control. Eventually, a 

few of the samples that only showed visible bands in Part II DNA walking were cloned into a 
cloning vector, plasmid isolated and sequenced. From the sequencing results, it was observed 
that part of the hrGFP II Open Reading Frame (ORF) sequence was cut off and replaced by 
mouse genome. In cases where no visible bands were observed in Part III DNA walking, 
products from Part II DNA walking were used for further studies. After DNA walking was 
done, visible bands that were seen on the agarose gel were extracted, cloned and sequenced.



10 Kb

3 Kb

1 Kb

250 bp

Lane M : Ikb DNA ladder

Lane 1: First PCR product for clone 2A1 sample 1

I Lane 2 : First PCR product for clone 2A1 sample 2

Lane 3 : First PCR product for clone 2A2 sample 1
I

Lane 4 : First PCR product for clone 2A2 sample 2

Lane 5 : First PCR product for clone 2A3 sample 1

Lane 6 : First PCR product for clone 2A3 sample 2

Lane 7 : First PCR product for clone 2A4 sample 1

Lane 8 : First PCR product for clone 2A4 sample 2

Lane 9 : First PCR product for clone 2A5 sample 1

Lane 10 : First PCR product for clone 2A5 sample 2
(

Lane 11 : First PCR product for clone 2A6 sample 1

Lane 12 : First PCR product for clone 2A6 sample 2

Lane 13 : First PCR product for negative control sample 1

Lane 14 : First PCR product for negative control sample 2

Lane 15 : First PCR product for positive control sample 1

Lane 16 : First PCR product for positive control sample 2

11

Figure 7 : Analytical 1.0 % (w/v) agarose gel electrophoresis for first PCR product of DNA 
walking.



800 bp 1 Kb

500 bp---- 1

200 bp

Lane Ml : 100 bp DNA ladder

Lane M2 : 1 kb DNA ladder

Lane 1 and 2 : Second PCR product for clone 2A1

Lane 3 and 4 : Second PCR product for clone 2A2

Lane 5 and 6 : Second PCR product for clone 2A3

Lane 7 and 8 : Second PCR product for clone 2A4

Lane 9 and 10 : Second PCR product for clone 2A5

Lane 11 and 12 : Second PCR product for clone 2A6

Lane 13 and 14 : Second PCR product for positive control

Lane 15 and 16: Second PCR product for negative control

12

Figure 8 : Analytical 1.0 % (w/v) agarose gel electrophoresis for second PCR product of 
DNA walking.



5 Kb

4 Kb

5 Kb4 Kb

(

Lane M : Supercoil DNA ladder

Lane 1 : Isolated plasmid for clone 2A1 sample 1 band 1 from DNA walking part II

Lane 2 : Isolated plasmid for clone 2A1 sample 1 band 2 from DNA walking part II

Lane 3 : Isolated plasmid for clone 2A1 sample 1 band 3 from DNA walking part II

Lane 4 : Isolated plasmid for clone 2A1 sample 1 band 4 from DNA walking part II

Lane 5 : Isolated plasmid for clone 2A1 sample 2 band 1 from DNA walking part II

Lane 6 : Isolated plasmid for clone 2A2 sample 1 band 1 from DNA walking part II

Lane 7 : Isolated plasmid for clone 2A2 sample 1 band 2 from DNA walking part II

Lane 8 : Isolated plasmid for clone 2A2 sample 1 band 3 from DNA walking part II

Lane 9 : Isolated plasmid for clone 2A2 sample 1 band 4 from DNA walking part II

Lane 10 : Isolated plasmid for clone 2A2 sample 2 band 1 from DNA walking part II

Lane 11 : Isolated plasmid for clone 2A2 sample 2 band 2 from DNA walking part II

Lane 12 : Isolated plasmid for clone 2A3 sample 1 band 1 from DNA walking part II

Lane 13 : Isolated plasmid for clone 2A3 sample 1 band 2 from DNA walking part II

13

l
!

Lane 14 : Isolated plasmid for clone 2A3 sample 2 band 1 from DNA walking part II 

Lane 15 : Isolated plasmid for clone 2A3 sample 2 band 2 from DNA walking part II 

Lane 16 : Isolated plasmid for clone 2A3 sample 2 band 3 from DNA walking part II

I
I



Figure 9 : Analytical 0.8 % (w/v) agarose gel electrophoresis for plasmid isolation.

Sequence Analysis

14

BioEdit program was used to identify the inserts after acquiring the results from DNA 
sequencing. Inserts were then aligned against the target - specific primer with the remaining 
GFP gene specific sequence using ClustalW Multiple Alignment option. . Figure 10 shows 
the alignment of sequences from DNA sequencing with the remaining hrGFP II Open 

Reading Frame (ORF) sequence whereas Figure 11 shows the alignment of sequences from 
DNA sequencing with part of the hrGFP II ORF sequence. After compiling the results 
obtained from BioEdit, a pie chart was drawn to depict the percentage of sequences with the 
whole hrGFP II ORF sequence and sequences with part of the hrGFP II ORF sequence.

Lane 17 : Isolated plasmid for clone 2A4 sample 1 band 1 from DNA walking part II 

Lane 18 : Isolated plasmid for clone 2A4 sample 1 band 2 from DNA walking part II 

Lane 19 : Isolated plasmid for clone 2A4 sample 1 band 3 from DNA walking part II 

Lane 20 : Isolated plasmid for clone 2A4 sample 2 band 1 from DNA walking part II 

Lane 21 : Isolated plasmid for clone 2A4 sample 2 band 2 from DNA walking part II 

Lane 22 : Isolated plasmid for clone 2A4 sample 2 band 3 from DNA walking part II 

Lane 23 : Isolated plasmid for clone 2A5 sample 2 band 1 from DNA walking part II 

Lane 24 : Isolated plasmid for clone 2A5 sample 2 band 2 from DNA walking part II 

Lane 25 : Isolated plasmid for clone 2A5 sample 2 band 3 from DNA walking part II 

Lane 26 : Isolated plasmid for clone 2A6 sample 1 band 1 from DNA walking part II 

Lane 27 : Isolated plasmid for clone 2A6 sample 1 band 2 from DNA walking part II 

Lane 28 : Isolated plasmid for clone 2A6 sample 1 band 3 from DNA walking part II 

Lane 29 : Isolated plasmid for clone 2A6 sample 1 band 4 from DNA walking part II 

Lane 30 : Isolated plasmid for clone 2A6 sample 2 band 1 from DNA walking part II 

Lane 31 : Isolated plasmid for clone 2A6 sample 2 band 2 from DNA walking part II 

Lane 32 : Isolated plasmid for clone 2A6 sample 2 band 3 from DNA walking part II 

Lane 33 : Isolated plasmid for clone 2A6 sample 2 band 4 from DNA walking part II
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Figure 12 shows that there is a higher percentage for sequences with part of the 
hrGFP II ORF sequence (84 %), while sequences with the whole lirGFP II ORF sequence is 
only 16 %. Inserts were blast on NCBI Nucleotide Blast against host genome to ensure that 
the sequences from inserts are from mouse genome. Results showed that when an insert was 
blast against mouse genome, there was a 99% identity to mouse genome. All of the results 
showed a 99 % identity to mouse genome, with integration sites mostly at chromosome 6 and 
10. Other integration sites include chromosome 4, 11 and 13. Virtual DNA walking was 
done to each of the sequences obtained from DNA walking. This step was done by walking 
50 Kb upstream and 50 Kb downstream of the sequence obtained, making the sequence a 
total of 100
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~T^AGAAGACCTACGTGSlGGACGGCGGCTrCGTAGAGCAGCACGAGA^.GCCA7CGOCCAGCTGACCA< CTGOGCAAGCCCCTGGGCAGCCTG;

ZCAGCTGACCAC

:ctccIGCCTGGAGAAGACCTACGTGGAGGACGGCGG:

?CACATGCGCACl

'ACATGCC2AC

;GAGTACCGTGAAGACT: CTGATGAAGAGCAAGCGCGTGGTGAAGGAC7TC:

CAGGCTCT'GTGCTGTCd:CTGATGAACASCAAGGGCGTGCTGAAGGACTTCCCCGAGTACCCTGAAGACTTCGTACTGGCTGT=3ACTGGCAAGAAOGCC

ITC TGGAC CT CG TCGTCGT CAT CCTGTTCAAGCGGCTCCGCCACCCCGACAAAGTGTG::AGAAGGGCAAGATGCGGCCOATOGACgga:
TGCCCCAGGCCCaCAAAGTGTGGCGTCTCGACCTGGTCATGGTCATXTGTTCAAGOGCAlCCGGACCAGAAGCGCAAGATGCGGCGCATCGAC

CACTG GAGAS CACAGATGGTGAGCGG CT OGTGAACGCG ATATTGGCGTACCOCOCCcggtgctgtgtgtgcagccgca:TGC CT CT GCG SAC

CACTCGGGAGCACAGATGCTGAGCGCCTGCTGAAOGCG' TCCCTGTGCGCACC:

. .. -I ... -I • 
afp.,p.ri?er.

.... i... -i.
SUJ^REW9£K.

510
. I.

520 
. I .

... .1 .... I .
9lR,p.rwfer.

2 Ml...
TGGASAAgCCTACGTGGAGGACiSGCGGCTTCG ■■V.'aS FZLL

' CG TAO AG CA GCACGAGACCGCCATCGCCCAGCTGACCAGCCTGCGCAASCCC CTGGG2A;

:ggacgctggacc TAAACTC
CGGACGCTGCACCTAAACTC

jj^EsESS3SBuK2£E^S23SuEiE22

Target 
Specific 
Primer

Figure 10 : The alignment of sequences from DNA sequencing with target - specific primer 
and the remaining hrGFP II ORF sequence (whole).

Remaining sequence of 
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Figure 11 : The alignment of sequences from DNA sequencing with target - specific primer 
and part of the remaining In GFP II ORF sequence.
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Sequences from DNA Walking

16%

Bioinformatics Characterisation of Sequences from Virtual Walking
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Figure 12 : The pie chart depicts the comparison of sequences derived from DNA walking 
with the whole hrGFP II ORF sequence and sequences with part of the hrGFP II ORF.

» Sequences with 
whole hrGFP II 
ORF sequence

■ Sequences with 
part of hrGFP II 
ORF sequence

100 Kb sequences from virtual walking were uploaded to three different programs for the 
identification of putative Matrix Attachment Regions (MARs). These three programs are 
SMARTest, MARFINDER and MARSCAN, which are based on different approaches. 
Results from SMARTest, MARFRINDER and MARSCAN were collected and compiled into 
a diagram to enable better examination of the overlapping putative MARs that were 
identified. Overlapping putative MARs are assumed to have higher probability to turn out to 
be true MARs.
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Figure 13 : The results of putative MAR displayed by SMARTest software.
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Figure 14 : The results of potential MAR displayed by MARSCAN.
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Figure 15 : The results of potential MAR displayed by MARF1NDER.
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Figure 17 : Compilation of bioinformatics results for clones with chromosome 4 
integration site.

Figure 16 : Compilation of bioinformatics results for clones with chromosome 6 
integration site.
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Figure 18 : Compilation of bioinformatics results for clones with chromosome 10 as 
integration site.

Figure 19 : Compilation of bioinformatics results for clones with chromosome 11 as 
integration site.
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Chromatin Immunoprecipitation Assay

ChIP assay was done to 5 of the chosen clones, with each clone showing integration at a
different chromosome. All samples were immunoprecipitated with SATB and CTCF
antibody and showed interaction between the matrix attachment region’s binding proteins

23
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Figure 20: Compilation of bioinformatics results for clones with chromosome 13 as 
integration site.
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with the genome. Figure 21 and 22 depicts an example of the result shown for one sample.
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Figure 21 : Analytical 1.0 % (w/v) agarose gel electrophoresis for Clone 2C18 
immunoprecipitated with SATB1 antibody.
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