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Sequencing, Bioinformatics

• Started at Genome Sciences Centre in Aug, 2000

• Nobel prize winner Michael Smith’s office was 
just around the corner, but he passed away in 
Oct, 2000

• My first work was analyzing cDNA sequences 
from human and mice (Mammalian Gene 
Collection)



Sequencing, Bioinformatics

• Salmon

• Tree (White & Sitka Spruce)

• Rhodococcus

• Frogs (Xenopus)

• Caenorhabditis elegans

• Virus…



Sanger sequencing for SARS

Overlapping Sanger-

sequence reads



April 2003 – SARS
Sequencing and Assembly of SARS 

coronovirus genome 

Rushed to complete before CDC in 

Atlanta

3rd floor BCCA

29,751-base genome





Life was good…
- Career high managing a 

group of 10 

bioinformaticians

- Ice hockey 2x/week

- Taekwondo 3x/week

- Yoga 2x/week

I thought I’d take a break and 

decided I’d go to India and sit 

where the Buddha sat. He 

was 29. I was 29. 

I sought enlightenment!

However, something told me 

to cancel my ticket…

Jan 2004



Jan 2004

• Attended the conference Advances in Genome 
Biology and Technology (AGBT) in Marco Island, 
Florida

• On a break, during a jog on the beach, my leg 
suddenly felt like jello and almost fell…
a possible sign of things to come



Grand-mal seizure

Feb 23 2004



Grand-mal seizure

Feb 23 2004



I was out of it!!

HomeMaple Ridge

Hospital



First scans at VGH

MRI CT



Vancouver General Hospital
• Came out of drug-induced state 1.5 days later after I collapsed

• One of the first things I remember feeling was something compressing and 
decompressing on my legs (circulating blood and a line into my chest 
causing intense pain. My lung had collapsed in the ambulance

• Friends came to visit.  I had CT and MRI scans.  Eventually a physician with 
a few residents came to my bed and said rather matter of factly “So you 
have a brain tumour...”.

• I was shocked.  I thought I was at VGH due to the collapsed lung.  
Apparently, this was the eighth time I was told this.  I did not remember 
the previous information as I was so drugged up.



What was found

• Enhancing left temporal lobe mass.  The most 
likely diagnosis was a primary brain tumour

• A 2.7 x 2.6 x 2.2 cm mass



Stereotactic biopsy

A device was essentially screwed into my head 
in four places - extremely painful!  This was 
used so the surgeon could pinpoint exactly 
where to extract tissue from and what kind of 
brain cancer specifically it was... 



Pathology

Pink necrosis
(lack of DNA)

Microvascular proliferation
“juiced up” big/fat blood vessels

Bizarre tumour 

cells

Giant tumour cells

Very good heterogeneity



Pathology

Microvascular proliferation
“juiced up” big/fat blood vessels



Diagnosis

Brain Cancer

Grade IV astrocytoma 

(Glioblastoma Multiforme)

with perhaps some small element of 
oligodendroglioma.

5 year survival: 5%



Signs of Brain Cancer



Survival by glioma subtype 

Glioblastoma 

5 year 

survival – 5%

Dr Yip talk



WHO classification of diffuse gliomas

Louis D et al, 2016 Acta Neuropath



GBM
• Glioblastomas (GBM) are tumours that arise from astrocytes—

the star-shaped cells that make up the “glue-like,” or supportive 
tissue of the brain. These tumors are usually highly malignant 
(cancerous) because the cells reproduce quickly, and they are 
supported by a large network of blood vessels.

• One of the most devastating types of brain cancers

• The cells of these tumours grow quickly, are not well defined, 
and can spread throughout the brain. 

• Tumour in location deemed to be too dangerous to have surgery

• Yip: No surgical margins





Measure of 1p deletion 

No confirmation of LOH or deletion of 1p.

1p and 19q deletions alone have not been found to improve survival

of patients with GBM; however, when adjusted for age, sex, and 

chemotherapy, 19q deletions seem to negatively impact survival.  

(Kaneshiro D, 2009)



IDH1 mutation

IDH  mutations are prognostic.  Those with tumours with the mutation have a longer survival 

compared to those without the mutation.



IDH1 mutation



Studies have shown that 
IDH1 mutation convey an
improved prognosis with 
respect to both overall 
survival and
progression-free survival 
for the rare glioblastoma 
patients
who express this 
mutation.

Liu A, Hou C, Chen H, Zong X and
Zong P (2016) Genetics and
Epigenetics of Glioblastoma:
Applications and Overall Incidence of
IDH1 Mutation.
Front. Oncol. 6:16.
doi: 10.3389/fonc.2016.00016

IDH1 mutation



Treatment for GBM
• Surgery, if possible, followed by combined chemo/radiation 

• Stupp protocol (published 2005, drug available 2004)



Treatment

Surgery Chemotherapy Radiation

Sometimes surgery not 

deemed to be viable option

Temozolomide (TMZ) 

common for brain cancer

Usually 6 weeks and 

done once/lifetime



Treatment regime at BCCA
• April 5th, 2004 – 6 weeks combined chemo and radiation

– Temazolomide (TMZ)

– Phenytoin or known as Dilantin (anti-seizure medication)

• Forth week, could not complete chemotherapy.  I had grade IV toxicity 
(potentially fatal) and had transfusions for very low neutrophil count 

• Follow up TMZ one week after radiation showed decreasing blood cell 
counts again; chemo treatment halted.

• Completed the full set of 30 radiation treatments.  Lost voice for 3 hours 
after one session of radiation  (but still went on a date that evening!).

• Did not show signs of headache due to brain edema.  Often steroids to 
reduce brain swelling are given.

• Dilantin resulted in gingival enlargement (overgrowth of the gums) so 
switched to Lamotragine  as an anti-seizure agent.

• Stable throughout rest of year



Radiation



Temozolomide

Temozolomide (TMZ) is an alkylating agent 

with excellent oral bioavailability, good 

penetration across the blood-brain barrier 

and a low toxicity profile 

Grade 4 toxicity – 2 nights on 5th floor BCCA



Watching the hockey playoffs…



Grade IV blood toxicity

5th floor BCCA
Platelets, white blood cells,

and neutrophil counts dropped 

below normal range



https://www.youtube.com/watch?v=qsnr4oBg3Zg

My Story

https://www.youtube.com/watch?v=qsnr4oBg3Zg


Fall 2005 – cancer recurrence

MRI



Responses to treatment

• After treatment in April/May 2004 the tumour shrunk.

• Started to increase in size by the fall of 2005.

• Because TMZ typically is not successful the second time round 
(the potentially small number of cancer cells resistant to TMZ 
initially, have now increased significantly in number), I was put 
on a clinical trial drug as a last resort.

• I took Lapatinib in Nov/Dec 2005.  I responded very poorly to 
the drug and stopped treatment soon after.



Lapatinib trial



Intratumour heterogeneity



Recurrence

Clonal evolution…



Clonal evolution in primary tumors and metastases

The gray circle represents a normal cell, and the central dot depicts the initiating somatic mutation that drives the 

founder clone in the tumor. The different colored circles represent subclones that have accumulated successive 

mutations. Note that in the primary tumor, several subclones coexist, and although some expand, others remain 

dormant or become extinct. Metastases can originate from either a major clone in the primary tumor (metastasis 1), or 

from minor clones (metastasis 2). Metastases can also undergo clonal evolution (as shown in metastasis 1).

Carlos Caldas. Nature Biotechnology volume30, pages408–410 (2012)



Treatment continues

• Jan, 2006 – Due to failure of lapatinib, back on TMZ 
first week per month...

• Aug, 2006 – After 8 months – brain scan is clear

• Next MRI indicated no recurrence.  Potentially scar 
tissue seen.  MRI now once per year. No treatment for 
the GBM since.

• Jan, 2007 – returned to work at Genome Sciences 
Centre, 3 years – week after initial grand mal seizure.



‘Next-generation’ sequencing - Illumina



Good prognostic factor

IDH1 mutation

Next-Gen sequencing (NGS)



Python Code



Aligning NGS RNA-seq reads to genome

JAGuaR is an alignment protocol for paired end RNA-seq reads based on an 
extended reference.

It uses BWA to align reads to the genome and reference transcript models 
(including annotated exon-exon junctions) specifically allowing the possibility 
for a single read to span multiple exons. 

Reads aligned to the special reference repository are then “repositioned” on to 
genomic coordinates, transforming reads spanning multiple exons into large-
gapped alignments. 

The strategy employed by JAGuaR generates accurate transcriptome 
alignments, measured by the concordance of inferred SNVs with dbSNP.

Of course, there are multiple tools to perform this task.

Butterfield YS, Kreitzman M, Thiessen N, Corbett RD, Li Y, Pang J, Ma YP, Jones SJ, Birol İ. J
AGuaR: junction alignments to genome for RNA-seq reads. PLoS One. 2014 Jul 25



Discovery of CIC in ODG



What did I do to 
survive?



What I did 
in my time 

off...

2005  Iceland Marathon

2008 - Hana
Painting

2004  Played in championship game



What helped me?

Dreams / meditation

Positive thinking

Good sleeping habits

PrayerSupport from friends/family

Diet

Supplements

Exercise

Art…







Chemo

Surgery Radiation

Diet

Love

Creativity

Positivity

Trust

MeditationVisualization

Prayer

Exercise

Intention

Purpose

Nature

Giving



How do I give back?

• Coordinator of Spring Sprint (2007-2012).

• Ride to Conquer Cancer (2009, 2010, 2011, 2013).

• Attendance at monthly Brain Tumour Support Group.

• Co-chair of Patient and Family Advisory Committee meeting at 
BCCA.

• Patient Navigator Program meeting newly diagnosed brain 
cancer patients.

• Continued cancer research with increased interest in brain 
cancer.



Ride to Conquer Cancer (now Tour de Cure)

2009 & 2010 2011
Started with team

of 8 members

Brainiacs have raised over 3 million 

dollars for the BC Cancer Foundation.

Brainiacs



BCCA Headlines.  Fall, 2013



Patient Navigator Program



Patient Navigator Program

One patient commented:

And the things that he’s done since he has been diagnosed— he’s 

travelled, he’s had a child, it’s just amazing. It’s given me hope... (to) reach 

a stage like his.”

Ozier D, Cashman R. A mixed method study of a 

peer support intervention for newly diagnosed 

primary brain tumour patients. Can Oncol Nurs

J. 2016 May 1;26(2):104-111.



Meeting others...Terry Kennerley

• TERRY KENNERLEY was diagnosed 
with brain cancer in 2006 

• Like me, a passion for hockey. 

• Terry’s love of life was clearly evident. 

• His illness inspired him to reach out 
to others who were also struggling to 
find meaning and hope

• He passed away in 2010; It was my 

first experience seeing how 

devastating brain cancer is.



The PREFeR (PRioritiEs For Research) 
Project: Patient priorities for primary care 
research in British Columbia

1. Identify patient-generated priorities for primary care research in BC.

2. Compare patient-provider similarities and differences in the priorities.

3. Identify top primary care research priorities for future projects.

Edwards L, Monro M, Butterfield Y, Johl R, Loftsgard KC, Pelletier H, McGavin C, 

Lavergne MR. What matters most to patients about primary healthcare: mixed-methods 

patient priority setting exercises within the PREFeR (PRioritiEs For Research) project. 

BMJ Open. 2019 Jul 9;9(7)



OurBrainBank is a ground-breaking movement designed by, with and for people 
with Glioblastoma (GBM). OurBrainBank enables people with GBM to manage 
our disease better and connect to fellow travelers, using the OurBrainBank app.

Our patient-reported data, including symptoms, mood, and activities, will be 
analyzed by world-class researchers to spot insights, accelerate learning and 
massively speed up clinical trials. This real-world people-centered initiative is 
designed to move GBM from terminal to treatable, and is powered by the people 
to whom it matters most: people like us, with GBM.

https://ourbrainbank.org/



Founder Jessica Morris in DC for 

International Brain Tumour Alliance 

Conference Oct 2019



Li-Fraumeni syndrome

• Changes in the tumour suppressor gene, TP53.

• Altered TP53 gene can inherited from one or both parents.

• Can lead to development of certain cancers, including brain cancer.

• Evidence of a mom having breast cancer can be connected to 

changes to TP53 in young adult resulting in GBM.

• My mom had breast cancer so possibly making me predisposed to 

GBM.

• Genetic testing on a collection of genes was done.



Results



Report Status Gene Variant Protein Effect Zygosity Population Frequency Classification
supplement ALK NM_004304.4:c.1500A>G Silent homozygous 87.20% Benign
supplement ALK NM_004304.4:c.2535T>C Silent heterozygous 61.20% Benign
supplement ALK NM_004304.4:c.27C>G Silent homozygous 89.50% Benign
supplement ALK NM_004304.4:c.3036G>A Silent heterozygous 15.90% Benign
supplement ALK NM_004304.4:c.4381A>G p.Ile1461Val homozygous 99.70% Benign
supplement ALK NM_004304.4:c.702T>A Silent homozygous 73.30% Benign
supplement APC NM_000038.5:c.-30569A>G heterozygous Not observed Benign
supplement APC NM_000038.5:c.1458T>C Silent heterozygous 57.80% Benign
...
supplement TERC NR_001566.1:n.*63A>G RNA change heterozygous Not observed Benign
supplement TERT NM_198253.2:c.915G>A Silent heterozygous 40.40% Benign
supplement TMEM127 NM_017849.3:c.621G>A Silent heterozygous 16.30% Benign
supplement TP53 NM_000546.5:c.215C>G p.Pro72Arg heterozygous 66.00% Benign
supplement TSC1 NM_000368.4:c.2829C>T Silent heterozygous 7.60% Benign
supplement TSC2 NM_000548.3:c.5161-10A>C Intronic heterozygous 20.70% Benign
supplement WRN NM_000553.4:c.2361G>T Silent heterozygous 44.70% Benign
supplement WRN NM_000553.4:c.3138+6C>T Intronic heterozygous 47.00% Benign
supplement WRN NM_000553.4:c.3138+7G>A Intronic heterozygous 44.80% Benign
supplement WRN NM_000553.4:c.3222G>T p.Leu1074Phe heterozygous 44.90% Benign
supplement WRN NM_000553.4:c.4083C>T Silent heterozygous 29.90% Benign
supplement WRN NM_000553.4:c.4099T>C p.Cys1367Arg heterozygous 24.20% Benign
supplement WRN NM_000553.4:c.513C>T Silent heterozygous 70.30% Benign
supplement WT1 NM_024426.4:c.198G>T Silent heterozygous 33.00% Benign
supplement WT1 NM_024426.4:c.594C>T Silent heterozygous 8.10% Benign

107 Potential variant locations

All Benign



In the absence of MGMT promoter methylation, long-term survival is very rare

Methylation

Smrdel U et al.. Long-term survival in glioblastoma: methyl guanine methyl transferase (MGMT) promoter 

methylation as independent favourable prognostic factor. Radiol Oncol. 2016 Nov 10;50(4):394-401



Long term side effects

• Occasional moments of fatigue

• Immediately after treatment and ever since, I 
have become a very slow eater

• I seem to care about people more, enjoy life 
more than ever had, tend to get emotional 
about things more easily

• Issues with balance when playing ice hockey or 
when practicing taekwondo

• Compromised hearing in left ear

• Damage from radiation to cranial nerve 6 
resulting in slight double vision in left eye.  



Double vision

• Damage to left cranial nerve 6 
due to radiation appearing 10 
years after treatment (2014)

• Resulting in double vision

• 2 Unsuccessful surgeries





March, 2020

Long term side effect of radiation

- blood forms solid mass

Pressure on brain -> swelling



Back to VGH



Surgery and recovery

Most of 2020 undergoing 

emotional/phycological,

physical, cognitive

rehab



Reclassification of 

Glioblastoma Multiforme
Traditionally diagnosed based on histological analysis, now GBM with the 

IDH1 R132H mutant has been reclassified as:

Diffuse astrocytoma IDH-mutant, WHO CNS grade 4

Glioblastoma has been redefined as grade 4 astrocytoma lacking the IDH 

mutation.

Hence a prognosis of GBM, with these new classifications, is worse than 

before. 

See: Stoyanov GS et al. Reclassification of Glioblastoma Multiforme According to the 2021 World Health 
Organization Classification of Central Nervous System Tumors: A Single Institution Report and Practical 
Significance. Cureus. 2022 Feb 1;14(2):e21822



Reclassification of 

Glioblastoma Multiforme



Summary

It’s good to keep in mind that all DNA/RNA 
sequence we transfer between systems, store in 
databases, analyze for SNVs, LOH, CV and 
translocations etc; the genomes we look at in 
IGV, comparing tumour and normal, looking for 
significant pathways, proteins involved and 
which can be targeted....

...are all coming from a human being.

We need to look at the big picture... 



Currently writing a memoir…





Thank you!

• Genome Science Centre

– Marco Marra, Steve Jones 

• BC Cancer

– Stephen Yip, Brian Toyota, Brian Thiessen, Rosemary Cashman

• Patients

• Family http://yaronbutterfield.com




	Slide 1
	Slide 2: Sequencing, Bioinformatics
	Slide 3: Sequencing, Bioinformatics
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: I was out of it!!
	Slide 12
	Slide 13
	Slide 14: What was found
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Signs of Brain Cancer
	Slide 20: Survival by glioma subtype 
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46: Aligning NGS RNA-seq reads to genome
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64: Results
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72: Surgery and recovery
	Slide 73
	Slide 74
	Slide 75
	Slide 76: Currently writing a memoir…
	Slide 77
	Slide 78
	Slide 79

