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ABSTRACT 

Validation of Optical Structural Alterations in Two Oligodendroglioma Tumors 

Many large- and small-scale changes occur in the genomes of tumor cells. The 
optical mapping system was used previously to discover structural variations (OSAs; 
Optical Structural Alterations) in tumor genomes. OS As are structural variants which 
include single basepair changes, resulting in missing or extra restriction enzyme sites in 
the genome, or small insertions and deletions, which can change the local size of 
individual restriction fragments as well as addition or deletion of entire restriction 
fragments at a time. OSAs were validated by polymerase chain reaction (PCR) of the 
regions that differ from reference human sequence and subsequent restriction digest of 
amplicons to verify the restriction map reported by optical mapping. This study looks at 
OSAs found in two oligodendrogliomas-tumors that have arisen from oligodendrocytes, 
the cells that insulate axons within the brain. 
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Introduction 

 Tumor cells are known to have lost the ability to control the cell cycle as well as many 

other normal cellular functions, such as cell adhesion, metabolic rate, and expression of cell 

membrane antigens (Suzuki et al. 1989).  The driving force behind this loss of cellular control is 

the accumulation of mutations in key genes such as p53 and members of the TGF-β signaling 

cascade family (Yin et al. 1992; Derynck et al. 2001).  These changes are manifested by 

alterations of the genome structure, eventually resulting evasion of the body’s defense 

mechanisms to remove the dysfunctional cell and prevent its subsequent multiplication (Monier 

and Tubiana 2008).   

 Oligodendrogliomas are tumors originating from oligodentrocytes.  2-5% of brain tumors 

are oligodendrogliomas, and diagnosis is most common in the age ranges of 6–12 years and 35–

44 years of age (Engelhard et al. 2003).  They commonly express deletions of chromosome arms 

1p and 19q in one chromatid of each pair (Kuo et al. 2009).  Oligodendroglioma is an interesting 

cancer, due to the correlation between deletions of 1p and 19q and better prognosis with 

chemotherapy (Smith et al. 2000).  As part of this project, Optical Mapping was used to discover 

and identify structural variation present in two tumors, HF087 and HF1551.  They were selected 

based on their high cancer-to-normal cell ratio determined by Mindbomb homolog 1 (MIB-1) 
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antibody staining and losses in chromosome arms 1p and 19q (Shera 2008).  Samples generated 

from these tumors were separated in a Percoll gradient to isolate the highest percentage of 

cancerous cells (Shera 2008). 

 Optical Mapping analysis was used to discover and characterize structural variants 

(polymorphic and mutational) present in HF087 and HF1551 compared to published human 

sequence (builds 35–37), optical mapping was applied (Shera 2008).  Optical mapping (Figure 1) 

is a single-molecule approach to solving the structure of a genome to the resolution of 2,000–

3,000 basepairs (Teague et al. 2010; Zhou et al. 2007; Valouev et al. 2006; Dimalanta et al. 

2004; Aston et al. 1999; Meng et al. 1995).  This system has been used to find optical structural 

variants (OSAs) in several human genomes to date (Teague et al. 2010, Antonacci et al. 2010, 

Herschleb 2009; Shera 2008; Kidd et al. 2008; Zody et al. 2006).  First, long genomic DNA 

molecules are stretched on positively-charged silanated surface using microfluidic devices 

fabricated from poly-dimethylsiloxane (PDMS) (Dimalanta et al. 2004).  These stretched 

molecules are digested by a restriction enzyme (in this case, SwaI), then stained with YOYO-1 

fluorescent dye.  Prepared chips are then imaged with a fluorescence microscope and the images 

are processed by computer to determine the size of the restriction fragments within each 

molecule (Zhou et al. 2007; Valouev et al. 2006; Dimalanta et al. 2004).  This information is 

formed into a dataset of fragment lengths corresponding to individual molecules, called 

restriction maps.  Restriction maps are then pairwise-compared with each other in an iterative 

fashion until a contig, or assembly of aligned restriction maps, is formed (Figure 2; Teague et al. 

2010, Valouev et al. 2006).  The agreement of all the maps of the contig is called the consensus 

map.  Consensus maps often span entire chromosome, allowing for a map of genomic structure.  

Finally, this consensus map can be compared against a reference map (in this case, human  
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Figure 1 (above).  An overview of the optical 
mapping system.  Acid-cleaned microscope cover 
glass is silanated to make a positively-charged 
optical mapping surface.  Using a patterned 
silicon wafer as a mould, a microfluidic device is 
made from PDMS and applied to the surface.  A 
sample of long, genomic DNA is introduced into 
the microchannels where DNA attaches to the 
surface via electrostatic interaction and elongates 
into linear molecules.  The DNA is digested with 
restriction enzymes, then stained with YOYO-1 
and imaged with an epifluorescence microscope.  
Image data is collected and analyzed by 
computer.  Image from Teague et al. 2010. 
 
Figure 2 (left).  An overview of map assembly.  
Optical maps are pairwise compared with a 
reference sequence (human build 37) as a seed.  
Optical maps are then pairwise aligned with each 
other to form contigs, which are used as seeds for 
further pairwise alignment.  This process 
continues until consensus maps cover the entire 
genome, at which point they are compared to the 
build 37 reference to find structural variaton.  
Image from Teague et al. 2010. 
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sequence builds 35–37 [Pruitt et al. 2009]) and significant differences between the two denote 

structural variants (OSAs).  OSAs consist of four types: missing cuts, where an expected 

restriction site is not present; extra cuts, where a restriction site is present that is unexpected; 

insertions, where more DNA is present between two restriction sites than is expected; and 

deletions, where less DNA is present between two restriction sites than expected.  Using this 

analysis, Shera and Ray found that HF087 contains 1,085 significant OSAs and HF1551 contains 

1,089 significant OSAs (Ray, unpublished; Shera 2009).  These OSAs are distributed nearly 

evenly throughout the genome, with a slightly higher concentration near centromeres (Ray, 

unpublished). 

 To choose which OSAs to verify in each tumor, a filtering step is necessary to identify 

mutations and isolate them from polymorphisms.  First, OSAs were compared against known 

polymorphisms in the human genome, such as in databases such as dbSNP (builds 129–132).  

From this subset, only OSAs found within known genes were considered.  This step was done to 

allow implication of a change in function of the gene product in carcinogenesis or tumor 

progression.  OSAs in this study were chosen from this subset.   

 After filtering OSAs, three were selected in separate genes.  A missing cut OSA was 

found in gene protein phosphatase, regulatory (inhibitor) subunit 13B (PPP1R13B) within tumor 

HF1551.  This gene binds p53 and promotes the transcription of pro-apoptotic genes when 

phosphorylated, implicating a role as a tumor suppressor when underexpressed (Aylon et al. 

2010).  When overexpressed, PPP1R13B disrupts the YAP/LATS1 protein degradation process 

correlated with apoptosis, giving a role as a potential oncogene (Vigneron et al. 2010).  A 

missing cut OSA was also found in HF1551 within gene transforming acidic coiled-coil 

containing protein 2 (TACC2).  TACC2 concentrates around the centromeres throughout the cell 
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cycle and interacts with microtubules (Dou et al. 2004).  This gene has been implicated in 

cancers previously, especially breast cancers (Cheng et al. 2010; Olson et al. 2011; Gangisetty et 

al. 2004; Lauffart et al. 2003).  The third gene is oxysterol-binding protein-like 3 (OSBPL3) 

which has an extra cut OSA at the same location in both HF087 and HF1551.  OSBPL3 is an 

intracellular lipid membrane hormone receptor (Lehto et al. 2001) which regulates cell-cell 

adhesion pathways and plays a role in the organization of the actin cytoskeleton (Lehto et al. 

2008).  The restriction maps of these three OSAs were checked for reproducibility by 

amplification of the region containing the OSA and digesting the amplicon with a restriction 

endonuclease. 

 

Methods 

 To verify OSAs, a PCR was set up to produce an amplicon of the region around an OSA 

call.  Reactions consisted of 1 µL sample DNA, 1 µL forward and 1 µL reverse primers (to make 

a final concentration of 25 pmol each), 10 µL 5X GoTaq Reaction Buffer (Promega), 1 µL 50X 

dNTP Mix (Promega), 0.25 µL GoTaq Taq polymerase (Promega), and 35.75 µL distilled and 

autoclaved water to bring the reaction volume to 50 µL.  Denaturation temperature was 94°C for 

30 seconds.  Annealing temperature was determined by the optimal temperature for each primer 

pair used and ran for 45 seconds with a ramp of 3°C⁄sec.  Extension temperature was 72°C for 30 

seconds.  For human samples (Promega) there were 35 cycles; for tumor samples 45 cycles were 

used. 

 For the Missing Cut OSA in gene PPP1R13B at chromosome 14, location 104,226,422 

(build 37; all locations listed hereafter are of build 37), the forward primer used was 

ACGCCATCTTGTCATAGGTAA and the reverse primer used was 
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TTGAAATTGTTGTGGAAAAAGTGCT.  This resulted in a 268 basepair amplicon whose 

unmutated sequence is digested by SwaI into fragments of sizes 57 and 211 basepairs. 

 For the missing cut proposed in gene TACC2 at location 123,882,384 on chromosome 10 

(build 37), the forward primer was GACTCTGTTCTTCGCCCTCTT and the reverse primer was 

CAGCCTGGGTGAGTGAAACT, resulting in a 334 basepair amplicon.  The control human 

sequence digests with SwaI to yield fragments of sizes 151 and 183 basepairs.  The nearby SwaI 

cut site is 5,828 basepairs away, at location 123,876,556.  The forward primer used for this site 

was TCGGCTTCCTTTTTGTTCAT and the reverse primer was 

GGCAAATCCCCGTCTCTACT.  The amplicon is 544 basepairs in size, and the control 

sequence digests with SwaI to form fragments of sizes 191 and 353 basepairs. 

 The proposed extra cut in gene OSBPL3 in both tumors is on chromosome 7 at location 

24,946,654 ± 3,000 basepairs.  Four amplicons were designed to cover this region as follows.  

Tile 1 uses forward primer CCTCAAGCGGACTTTTCAGA and reverse primer 

TTCACAGAATCTACCCAATTTTCA, yielding a 1,864 basepair amplicon ranging from 

locations 24,943,229–24,945,092.  Tile 2 uses forward primer 

CCAAACAGATGAGGGGACTG and reverse primer CCAAAACCAGTGAAATGCAA, 

forming a 1,990 basepair amplicon from locations 24,944,976–24,946,965.  Tile 3 uses forward 

primer CCTCTACACTGCTCCCTACCC and reverse primer GGTTAGCGTGGTTCTCGTG 

Figure 3.  OSBPL3 tiling strategy.  Four amplicons approximately 2,000 basepairs in size are placed 
to cover a 6,000 basepair region of the genome around the extra cut site proposed by optical 
mapping.  Each tile has an overlap of at least 200 basepairs with the next. 



Kornaus 7 

making a 1,734 basepair amplification ranging from 24,946,489–24,948,222.  Tile 4 uses 

forward primer CTTCCCTACCATGCCCTCTT and reverse primer 

GCCCATTTCTGATTTCTCCA yielding a 1,895 basepair amplicon covering locations 

24,948,098–24,949,992. 

 Digestion of amplicons used this formula: 5 µL of PCR product, 2 µL of 10X NEB buffer, 

1 µL of concentrated enzyme, 0.2 µL 100X BSA (only for reactions in which BSA is 

recommended), and enough distilled and autoclaved water to fill the reaction volume to 20 µL.  

Reactions were allowed to run for 2 hours at 37°C, with the exception of SwaI digests that were 

carried out at 25°C. 

 Amplifications were loaded into 1% LE agarose gels in TBE running at 100V for 2 hours.  

The gels were then stained with 0.01% ethidium bromide in TBE solution for 15 minutes and 

imaged with 300-312 nm UV light. 

 The amplicon produced for gene PPP1R13B was sequenced via Sanger sequencing.  A 24 

µL sample containing 400 ng of PCR product and 15 pmol of forward primer was made in TE 

buffer.  Another identical sample was produced using reverse primer in place of forward.  These 

samples were sequenced at the UW-Biotechnology Center and results obtained via online 

database system. 

 

Results 

 Amplification of the PPP1R13B amplicon from HF1551 DNA resulted in a band 

appearing at 334 basepairs.  This band digested with SwaI to produce fragments of sizes 57 and 

211 basepairs, as seen in Figure 4.  The amplicon was also digested with PvuII to confirm its 

identity, yielding fragments of expected sizes 107 bp and 161 bp.  This amplicon was then 
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sequenced and found to be 100% homologous to reference human DNA sequence (build 37) with 

no ambiguities in the chromatogram (data not shown).  A “shadow” amplicon appears at ~310 bp, 

which was sequenced and also found to be 100% homologous to reference sequence. 

 The amplicon for TACC2 at the OSA call was about 330 basepairs in size (Figure 5a).  It 

was digested by SwaI to yield fragments of about 151 and 183 basepairs.  To confirm its identity, 

the amplicon was also digested with AseI to yield bands of sizes 129 bp and 205 bp as expected 

based on human build 37 sequence.  No other bands were seen on the gel.  The amplicon 

produced for the nearby cut site in TACC2 was about 540 basepairs in size and was cut by SwaI 

to produce bands about 350 and 190 basepairs in size (Figure 5b).  This was also confirmed by 

AseI digestion to yield bands at the expected sizes of 168 bp and 376 bp. 

 In tumor HF087, each tile for the extra cut in OSBPL3 produced an amplicon of the 

expected size (1,860 bp, 1,990 bp, 1730 bp, and 1,870 bp) as shown in Figures 6a–d.  No 

amplicon was cut by SwaI.  To confirm the identity of these amplicons, they were digested by an 

enzyme to ensure that the sequence amplified correctly.  Each of these digested as expected by 

the reference sequence.  Other bands that show up are unknown, being either non-specific 

amplifications or other conformations of existing amplicons. 

 In HF1551, Tiles 2 and 4 amplified as expected (sizes 1,990 bp and 1,870 bp, 

respectively) as demonstrated in Figures 7a–d.  Neither was cut by SwaI, but was cut in the 

expected location by its respective test enzyme (AvrII, XhoI).  Tiles 1 and 3 did not undergo 

significant amplification.  No digest was performed on these tiles.  Like before, the other bands 

that show up are unknown and are likely the result of non-specific amplifications or other 

conformations of existing amplicons.  A summary of all findings is provided in Table 1. 
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Figure 4.  PPP1R13B amplicon (268 bp) was 
digested with PvuII to confirm its identity 
(expected sizes: 107 bp, 161 bp) and SwaI (normal: 
211 bp, 57 bp).  DNA amplified from HF1551 
showed the same digestion pattern as human DNA 
(Promega).  The expected amplicon and the shadow 
amplicon (~310 bp) were sequenced and are 
identical to each other and 100% homologous to 
reference human sequence (not shown).  Boxed 
bands are expected based on human sequence 
(builds 35–37). 

a b 

Figure 5.  a) TACC2 amplicon (334 bp) was digested with AseI to confirm its identity (expected 
sizes: 129 bp, 205 bp) and SwaI (normal: 151 bp, 183 bp).  DNA amplified from HF1551 showed 
the same digestion pattern as human DNA (Promega).  b) The other TACC2 amplicon (544 bp) was 
digested with AseI to confirm its identity (expected sizes: 168 bp, 376 bp) and SwaI (normal: 191 
bp, 353 bp).  DNA amplified from HF1551 showed the same digestion pattern as human DNA 
(Promega) as well.  Other bands are either non-specific amplifications or different secondary 
structures of existing amplicons.  Boxed bands are expected based on human sequence (builds 35–
37). 
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a b 

c d 

Figure 6.  Amplicons in gene OSBPL3 were attempting to reveal an extra SwaI cut site.  SwaI is not 
expected to digest any amplicon in DNA that matches the reference sequence (builds 35–37).  In 
every case, DNA amplified from HF087 showed the same digestion pattern as human DNA 
(Promega).  Other bands are either non-specific amplifications or different secondary structures of 
existing amplicons.  Boxed bands are expected based on human sequence (builds 35-37).  a) Tile 1 
(1,864 bp) was digested with XbaI to confirm its identity (expected sizes: 897 bp, 967 bp).  b) Tile 2 
(1,990 bp) was digested with AvrII to confirm its identity (expected sizes: 839 bp, 1,151 bp).  c) Tile 
3 (1,734 bp) was digested with BglII to confirm its identity (expected sizes: 554 bp, 1,180 bp).  d) 
Tile 4 (1,895 bp) was digested with XhoI to confirm its identity (expected sizes: 754 bp, 1,141 bp). 
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c 
b 

d 
a 

Figure 7.  Amplification of HF1551 near an extra cut OSA in gene OSBPL3.  SwaI is not expected 
to digest any amplicon matching the reference sequence (builds 35–37).  Boxed bands signify 
expected amplicons; other bands are either non-specific amplifications or different secondary 
structures of existing amplicons.  a) OSBPL3 Tile 1 amplicon did not amplify to an appreciable 
amount.  b) Tile 2 (1,990 bp) amplified and was digested with AvrII to confirm its identity (expected 
sizes: 839 bp, 1,151 bp).  c) Tile 3 did not amplify to an appreciable amount.  d) Tile 4 (1,895 bp)  
amplified and was digested with XhoI to confirm its identity (expected sizes: 754 bp, 1,141 bp).  
Tile 3, which did not amplify, was flanked on either side by Tiles 2 and 4, which did amplify, 
suggesting that the primer sites for Tile 3 were present.  There is likely an event within Tile 3 that 
gives rise to the OSA call in the optical map. 



Kornaus 12 

 

Gene/OSA OSA 
Type 

Location Expected 
Size 

Observed 
Size 

Cut with 
SwaI? 

OSA 
Validated?

PPP1R13B 
(HF1551) 

Missing 
SwaI cut 

Chr 14: 
104,226,422

268 bp 268 bp Yes No 

TACC2 
(HF1551) 

Site 1 Missing 
SwaI cut 

Chr 10: 
123,882,384

334 bp 334 bp Yes No 

Site 2 Chr 10: 
123,876,556

544 bp 544 bp Yes No 

OSBPL3 
(HF087) 

Tile 1 Extra 
SwaI cut 

Chr 7: 
24,946,654 

1,864 bp 1,864 bp No No 
Tile 2 1,990 bp 1,990 bp No No 
Tile 3 1,734 bp 1,734 bp No No 
Tile 4 1,895 bp 1,895 bp No No 

OSBPL3 
(HF1551) 

Tile 1 Extra 
SwaI cut 

Chr 7: 
24,946,654 

1,864 bp No ampl. N/A Putative 
Tile 2 1,990 bp 1,990 bp No No 
Tile 3 1,734 bp No ampl. N/A Putative 
Tile 4 1,895 bp 1,895 bp No No 

Table 1.  Summary of OSA types, locations, and results.  OSAs validation proved difficult, given 
the level of genomic dispersity associated with solid tumors; the PCR tiling approach yielded some 
insight into the extra cut OSA located in OSBPL3 in tumor HF1551.  As no amplification resulted, 
this OSA is only putatively validated; further assays are required to determine the exact structural 
variation event at this locus.  All locations are listed as human reference Build 37. 

 

Discussion 

 PCR amplifications and restriction digests confirm genomic dispersity of solid tumors, 

which greatly complicated our validation efforts for these OSAs: PPP1R13B or TACC2 in 

HF1551, and OSBPL3 in HF087.  Each of these OSAs agrees with the reference human 

sequence (Build 37), and thus the OSAs reported through optical mapping were not validated.  

The “shadow” amplicon that appears in the gel of PPP1R13B (Figure 3) was sequenced and 

found to be identical to the reference, suggesting that some of the expected amplicon presented a 

different electrophoretic mobility in our gel assays. 

 Tile 3 of the gene OSBPL3 did not amplify with HF1551 DNA.  However, this amplicon 

was flanked on either side by Tiles 2 and 4 (see Figure 3), both of which did amplify with the 
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expected sizes.  This implies that the primer sequences for Tile 3 are present as normal but the 

tile still did not amplify.  To be sure of this, the amplicons of Tiles 2 and 4 could be sequenced to 

verify that the primers for Tile 3 are in fact present.  If they are, then something within the region 

of Tile 3 is preventing its amplification.  This could be an insertion on the order of magnitude of 

about 500 basepairs, which could result in an amplicon that is too large for standard PCR to 

amplify, and no amplification is seen.  This increase in length may go unnoticed in the optical 

map because it is under the resolution of 2,000 basepairs.  Furthermore, within this insertion 

could exist a SwaI cut site, which is the OSA detected in the original optical map.  This is a 

nascent validation; more work is necessary to determine exactly what has occurred at this locus. 

 It is likely that the other OSAs were not validated because the tumor itself exhibits 

heterogeneity in its genome structure depending on when mutations occur and how many 

daughter cells exist to show the mutation.  It was shown that deletion of chromosome arm 14q is 

evident in one slice of HF087 but not in a nearby slice of the tumor (Shera 2008).  This supports 

the possibility that the DNA utilized for optical mapping of the genome could evince different 

structural variants than the DNA used for OSA verification simply because by necessity different 

cells in the tumor were lysed for each procedure.  Even though these cells may be close to each 

other spatially in the tumor, they can still exhibit different structural variations. 

 To address the intrinsic genomic dispersity of solid tumors, modifications of the simple 

assay will likely prove fruitful.  If a mixture of normal human sequence and structurally variant 

sequence is amplified when verifying an OSA, it would be necessary to separate the sequences 

from each other by cloning the amplicons into Escherichia coli and selecting a clone that has the 

sequence showing the OSA.  Another tactic is to use quantitative PCR (Q-PCR) to assess and 

select for the amplification of a structurally variant product.  However the next challenge lies in 
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amplifying OSAs that involve completely novel sequence or deleted sequence altogether, as 

these events may not have reference sequence for which to design primers.  Also, if an insertion 

is greater than the upper limits of PCR amplification (~2,000 basepairs), another method is 

required, such as long-range PCR, to amplify up to 40,000 basepair sections of DNA.  Ultimately, 

the best solution to solve the structural differences of these tumor genomes at a single-base level 

would be whole-genome sequencing, combined with a high resolution optical map (Teague et al. 

2010 Fuller et al. 2009).  Projects to do exactly this are already underway, such as sequencing a 

leukemia genome and host patient’s genome and comparing the two in order to find acquired 

mutations in leukemia cells (Mardis et al. 2009). 
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